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18*7    B  I!  i   ■■'••  --  Bishopsgate  Street  Within, London,  B5.0. 

i  Shanks    and    Co.,    Johnstone,    near 

inla,  Johnstone.] 
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1867.  Barrows,  Thomas  Welch,  Messrs.  Barrows  and  Stewart,  Portable  Engine 
"Works,  Banbury.     [Barrows,  Banbury.'] 

1871.  Barry,  John  Wolfe,  21  Delahay  Street,  Westminster,  S.W.     \_Wolfebarry, 

London.     3024.] 
1883.  Bartlett,  James  Herbert,  Middlesbrough,  Kentucky,  United  States. 
18S7.  Bate,   Capt.   Charles    McGuire,   R.E.,  War    Office,    Whitehall,  London, 

S.W. 
1S85.  Bateman,  Henry,  Superintending  Engineer,  Rangoon  Tramways,  Rangoon, 

India. 
1891.  Bates,  Henry,  Messrs.  Hulse  and  Co.,  Ordsal  Tool  Works,  Regent  Bridge, 

Salford,  Manchester  ;  and  30  Halliwell  Terrace,  TrarTord  Road,  Salford, 

Manchester. 
1891.  Battle,  Arthur  Edwin,  359-3G1  Collins  Street,  Melbourne,  Victoria  :  (or  care 

of    F.    G.    Battle,    "Whitehall,    Potterhanworth,    Lincoln.)      [Router's 

Agency :  Battle,  Melbourne.'] 
1889.  Bayford,  William  James,   Engineer,  Messrs.   Meakin   and  Co.,  Brewers, 

Delhi,  India. 

1872.  Bayliss,  Thomas  Richard,  Belmont,  North  field,  Birmingham. 

1891.  Baynes,  John,  Midland  Railway-Carriage  and  Wagon  Co.,  Suffolk  House 

Laurence  Pountney  Hill,  London,  E.C. 
1877.  Beale,  William  Phipson,  12  Old  Square,  London,  W.C. ;    and  19  Upper 

Phillimore  Gardens,  Kensington,  London,  W. 
1887.  Beardmorc,  William,  Parkhead  Forge  and  Steel  "Works,  Glasgow. 
1891.  Beatty,   Hazlitt  Michael,  Locomotive  Superintendent,  "Western  Railway, 

Cape  Government  Railways,  Salt  River,  near  Cape  Town,  Cape  Colony; 

and    Rosclare    Camp    Ground,    Rondeboseh,    near  Cape   Town,  Cape 

Colony. 

1880.  Beaumont,   William   Worby,   163    Strand,  London,   W.O.;    and   Melford, 

Palace  Road,  Tulse  Hill,  London,  B.W. 
1859.  Beck,  Edward  (Life  M<  mber),  Dallam  Forge,  "Warrington  ;  and  Springfield, 
Warrington. 

1873.  Beck,  William  Henry,  115  Cannon  Street,  London,  E.C. 

1887.  Beckwith,  George,  Enfield  House,    Fairlop  Read.  Lcyton.-tonc,  London, 

N.B. 
1891.  Beckwith,  George  Charles,  2  Rutland  Street,  Swansea. 
1875.  Beckwith,  John   Henry,    Managing   Director,  Messrs.  Galloway?,   Knott 

Mill  Iron  Works,  Manchester. 
1882.  Bedson,  Joseph  Phillips,  Messrs.  Rid. aid  Johnson  and  Nephew,  Bradford 

Iron  Works,  Manchester. 
1875.  Beeley,  Thomas,  Engineer  and  Boiler  Maker,  Hyde  Junction  Iron  Works, 

Hyde,  near  Manchester.     [Bcthy,  Hyde.] 

1881.  Beetlestone,  George  John,  Sudbrook  Works,  near  Chepstow. 
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1888.  Beldam,  Asplau,  77  Graccchurch  Street,  London,  E.C. 

1885.  Bell,    Charles    Lowthian,   Clarence    Iron    "Works,   Middlesbrough;    and 

Linthorpe,  Middlesbrough.     [/>'< //.-•.  Middletbrough.    5510.] 
1S5S.  Bell,  Sir  Lowthian,  Bart.,  F.R.S.,  Clarence  Iron  Works,  Middlesbrough  ; 

Rounton  Grange,  Northallerton ;  and  Reform  Club,  Pall  Mall,  London, 

B.W.  [Sir  Lowthian  1><  H,  M<\hU<  sbrough.] 
[880.  Bell,  William  Henry,  Yule  ltectory,  Guernsey. 
lv7i>.  Bellamy,   Charles  James,   195   Earl's   Court    Road,   South    Kensington, 

London,  S.W. 
18GS.  Belliss,  George  Edward,  Steam  Engine  and  Boiler  Works,  Ledsam  Street, 

Birmingham.     [Bellies,  Birmingham,'] 
1S78.  Belsham,  Maurice,  Messrs.  Price  and  Belsham,  52  Queen  Victoria  Street, 

London,  E.C. 

1880.  Benham,   Percy,    Messrs.    Benham,   66    Wigmore    Street,     London,  W 

{Benham,  London.    70G5.] 
1887.  Bennetts,    Edward     John,    Battery    Reef    Gold    Mine,    P.O.    Box    9G» 
Krngersdorp,  Transvaal,  South  Africa. 

1890.  Berkley,    James    Eustace,    Locomotive    and    Carriage    Superintendent, 

11.11   the  Nizam's  Guaranteed  State  Railways,  Secunderabad,  India. 
1878.  Berrier-Fontaiue,  Marc,  Dirccteur  des  Constructions   navales,  Directeur 
<1<-  I'fioole   nationale   <lu  Genie  maritime,  27  Quai  de  la  Tournelle, 
Paris:  (or  care  of  Messrs.  P.  S.  King  and   Son,  Canada   Buildings, 
King  Street,  Westminster,  S.W.) 
B*  rtraiu,  Alexander,  Wigan  Coal  and  Iron  Works,  Wigan. 

1891.  !;•  rtram,  David  Noble,  Messrs.  Bertrams,  St.  Katherine's  Works,  Sciennes, 

Edinburgh. 

1887.  Bertram,  William,  Messrs.  George  and  William  Bertram,  St.  Katharine's 

Ww  oes,  Edinburgh. 

1861.  Bessemer,  Sir  Henry,  P.B.B.,  Denmark  Hill,  London,  S.E. 
1891.  B       I.    teu  Edward,  1  Swan  Walk,  Chelsea  Embankment,  London,  S.W. 
1891.   Bel  -.  Alfred  William,  School  of  Engineering  Science  and  Agriculture, 

Folkestone. 
18€'  Met  rs.    Laird   Brothers,   Birkenhead  Iron  Works, 

and  lienor  Hill,  Birkenhead* 
18K    i       sell,  Arthur  dunning,  42  Pelham  Street,  South  Kensington,  London, 

W. 
188::    B  i    n    of    Bank  of  Bengal,  Calcutta,  Lndia;    (or  8 

I  '.i  .  itol). 

1881.  Bl  pneer-in-Chief,  Belgian  State  Raihi 

B  P  B  .  i I        in. 

1888.  Billinton,  I  I.  oomotive  Superintendent, London  Brighton  and 

<       -  J:  iii v..-  y,  Brighton. 
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1890.  Bingham,    Charles   Henry,   Messrs.   Walker  and   Hall,   Electro  Works, 

Sheffield. 

1887.  Binnie,  Alexander  Richardson,  Engineer,  London  County  Council,  Spring 

Gardens,  London,  S.W. ;  and  14  Campden  11.11  Gardens,  Nutting  Hill, 
London,  W. 
1877.  Birch,   Robert  William  Peregrine,  5  Queeu   Anne's  Gate,  Westminster 
S.W. 

1891.  Bird,  George,  Messrs.  James  Bartle  and  Co.,  Western  Iron  Works,  Notting 

Hill,  Lundon,  W. 
1847.  Birley,  Henry,  G  Brentwood,  Pendleton,  R.O.,  Manchester. 

1888.  Birtwistle,  Richard,   Messrs.    S.    S.   Stott  and   Co.,   Laneside  Foundry, 

Haslingden,  Manchester. 

1879.  Black,  William,  Messrs.  Black  Hawthorn  and  Co.,  Gateshead.   [Blackthorn, 

Newcastletyiie.~] 
1891.  Black,  William,  72  Bute  Road,  Cardiff". 
1891.  Blackburn,  Arthur  Henry,  Engineer,  Block  Fuel  Works,  Grosvenor  Wharf. 

Wharf  Road,   Cubitt   Town,  London,  E. ;  and  9  Fenchurch  Avenue, 

London,  E.C. 
1891.  Blackburn,  George  William,  Messrs.  T.  Green  and  Sun,  Smithfield  Iruu 

Works,  Leeds. 
1890.  Blackburn,  John,  Resident  Engineer,  Colne  Valley  Water  Works,  Boslicy, 

Watford. 
1890.  Blair,  Peter  Borrie,  Messrs.  Blair  and  Co.,  Stockton-on-T 

1862.  Blake,  Henry  Wollaston,  F.R.S.,  Messrs,  Jumes  Watt  and  Co.,  90  Leadenhall 

Street,  London,  E.C. 
1886.  Blandford,  Thomas,  Corbridge,  R.8.O.,  Northumberland. 

1881.  Bleehynden,     Alfred,     Naval     Construction    and    Armaments    Works, 

Barrow-in-Forni  ss, 
1867.  Bleckly,  John  James,  Bewsey  Iron  Works,  Warrington  ;  and  Daresbury 
Lodge,  Altrineham. 

1882.  Blundstoue,  Samuel  Richardson,  Catherine  Chambers,  8  Catherine  Street. 

Strand,  London,  W.C. 

1863.  Boeddinghaus,  Julius,  Electrotechniker,  Dusseldorf,  Germany. 

1881.  Bono,   William    Lockbart,   Works   of  the   Ant  and   Bee,   West  Gorton, 

Manebester. 
1890.  Booth,  Robert,  110  Cannon  Street.  London,  R  < 

1883.  Bootli,  William  Btanway,   Messrs.  John  Jameson  and  Son,  Bow  Street 

Distillery,  Dublin. 

1880.  Borodin,  Alexander,  Engineer-in-Chief,  Russian  South  Western  Railways, 

Kieff,  Russia. 
1888.  Borrows,  William,  M  bsts.  Edward  B  S        Providence  Foundry, 

Sutton,  St.  Helen's,  Lancashire. 
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11.  Samuel,  Messrs.  Galloways,  Knott  INI il  1  Iron  Works,  Manchester. 
L885.  Boughton,  Henry  Francis,  Parade  Chambers,  Sheffield;  and  The  Poplars, 
-      ri     r,  Barnsley.    [BonghUm,  Barneley.     Nat.  625,  Sheffield.'] 
36.  Boult,  Alfred   Julius,   Messrs.  W.  P.  Thompson   and   Boult,  323  High 
Holborn,  London,  W.C. 
1888.  Boultbee.  Frederic   Richard,  4G   Queen  Victoria  Street,  London,  E.C. ; 
and  4  Loris  Road,  Shepherd's  Bush,  London,  W. 
!8,  Bourdon,  Francois  Edouard,  74  Faubourg  du  Temple,  Paris :  (or  care  of 
Mrssrs.  Negretti  and  Zambia,  Holborn  Viaduct,  London,  E.C.) 
1S79.  Bourne,  William  Temple,  Messrs.  Bourne  and  Grove,  Bridge  Steam  Saw 

Mills,  Worcester. 
1891.  Bousfiehl,  John    Ebcnezer,   4    South    Street,    Finsbury,  London,    E.C. 
[Invention,  London.    169.] 

.   Henry   Taylor,   Professor   of   Engineering,    McGill    University, 
Montreal,  Canada. 

1880.  Bow,  William,  Messrs.  Bow  McLachlan  and  Co.,  Thistle  Engine  Works, 

Paisley.     [Bow,  Faisley.'] 

1888.  Bowen,  Edward  (Life  M<  mber),  Locomotive  and  Carriage  Superintendent, 

Porto  Alegre  and  Xew  Hamburg  Railway,  Rio  Grande  do  Sol,  Brazil : 
(or  care  of  Benjamin  Packham,  122  Upper  Lewes  Road,  Brighton.) 

1870.  Bower,  Anthony,  Gayton  Cottage,  Heswall,  near  Chester. 

1858.  Bower,  John  Wilkes  {Life  Member),  Meredale,  Rugby  Road,  Leamington  Spa. 

1890.  I;  yd,  John  White,  Superintendent  Engineer,  Hong  Kong  and  Whampoa 

Dock  Co.,  Hong  Kong,  China. 

1881.  Boy<  r.  Bob  rt  Ski  flington,  Merchants'  Exchange,  Pier  Head,  Cardiff. 

1882.  Bradley,      Frederic,       Sandhills,       Liverpool ;       Clensmore       Foundry, 

K  dderminster;  ami  Wolverley  House,  Southport. 

1889.  Bradley,  Isaac,  Manager,  Gatling  Gun  Works,  Perry  Barr,  Birmingham. 
1878.  Braithwaite,  Charles  C,  35  King  William  Street,  London  Bridge,  London, 

e  a 

raithwaite,   Bichard    Charles,  Messrs.   Braithwaite    and   Kirk,  Crown 
Bi         Works,  Westbromwich.    [Braithwaite,  Wegtbromwich.'] 
i.  Bnmwell,  Sir  Frederick  Joseph,  Part,  D.O.L.,  P. U.S.,  5  Great  George 
\  W,  itmlnster,  B.W.     [Wdlbram,  London.     3000.] 
1888.  Bratt,  Augustas  Hicks  Hi  aery,  Biechanioal  Engineer,  Prye  Dock,  Penang, 

Eh  tth  menti :  for  Snnnysfcde,  old  Trafford,  Manchester.) 
1888  ...  Benjamin  J.,  (Jnion  Plate  Glasi  Works,  St.  Helen's. 

G  rdon,    Chief    Mechanical    Engineer,    Small    Arms 

iiiimition  PaetOiy,  PoonS,  India. 

I  ii,    New    Mill    Works,    Fazeley    Street,    Birmingham. 
Ingham,] 

1891.  i  Eft    ry(  L2 Delahay  Street,  Westminster, 8.W. 
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1890.  Brewster,  Walter  Seckford,  Messrs.  Bever  Peacock  and  Co. ;    Halstead 

Lodge,  Ocean  Street,  Woollahra,  Sydney,  New  South  Wales. 

1883.  Bricknell,  Augustus  Lea,  5G  Arlington  Road,  Brixton,  London,  S.W. 

1891.  Bridie,  Ronald  Hope,  90  Cannon  Street,  London,  E.C.  [Enichecling,  London.'] 
1887.  Brier,  Henry,  Scotch  and  Irish  Oxygen  Co.,  Rosehill  Works,  Polmadie, 

Glasgow. 
1889.  Briggs,  Charles,  Jun.,  care  of  Robert  Briggs,  Howden. 
1881.  Briggs,    John    Henry,    Messrs.  Simpson  and  Co.,   Engine  Works,   101 

Grosvenor  Road,  Pimlico,  London,  S.W. ;  and  Howden. 

1889.  Bright,  Philip,  Messrs.  J.  Tylor  and  Sons,  2  Newgate  Street,  London,  E.C. 
1886.  Bright,  William,  Manager,  Fairwood  Tin-Plate  Works,  Gowerton,  R.S.O., 

Glamorganshire. 
1891.  Broadbent,  William,  Messrs.  Thomas  Broadbent  and  Sons,  Central  Iron 

Works,  Huddersfield.     [Broadbent,  Huddcr*fi<ld.     102.] 
1891.  Brock,   Cameron   William  Harrison,   3   Prince's  Mansions,  68  Victoria 

Street,  Westminster,  S.W. 

1865.  Brock,  Walter,  Messrs.  Denny  and  Brothers,  Engine  Works,  Dumbarton. 

1890.  Brodie,  John  Alexander,  City  Engineer's  Office,  Liverpool. 

1879.  Brodie,  John  Shanks,  Town  Surveyor  and  Harbour  Engineer,  Town  Hall, 

Whitehaven. 
1S52.  Brogden,  Henry  {Life  Member),  Hale  Lodge,  Altrincham,  near  Manchester. 

1590.  Brogden,  Thomas,  Messrs.  Appleby  and  Brogden,  Sandside,  Scarborough. 

1884.  Brook-Fox,    Frederick    George,     Executive     Engineer,     South    Indian 

Railway,   Vellore,    Madras   Presidency,    India :    (or  care   of   Messrs. 
H.  S.  King  and  Co.,  65  Cornhill,  London,  E.C.) 

1880.  Brophy,  Michael  Mary,  Messrs.  James  Slater  and  Co.,  251  High  Holborn, 

London,  W.C. 

1591.  Brotherhood,  Arthur  Maudslay,  15  and   17  Belvedere   Road,  Lambeth, 

London,  B.B. 
1874.  Brotherhood,    Peter,    15   and    17   Belvedere     Road,    Lambeth,    London, 

S.E. ;    and   94    Cromwell    Road,    South    Kensington,   London,   S.W. 

[Brotherhood,  London.'] 
18S6.  Brown,  Andrew,  Messrs.  T.  Cosser  and  Co.,  McLeod  Road  Iron  Works, 

Kurrachec,  India:  (or  care  of  P.  B.  Brown,  II.  ola  Works,  Sheffield.) 

1866.  Brown,    Andrew    Betts,   F.R.S.K  .    M  s.srs.    Brown    Brothers    and    Co., 

Rosebank  Iron  Works,  Edinburgh. 

1891.  Brown,  Arthur  Mogg,P.O.  Box  1260,  Johannesburg,  Transvaal,  South  Africa. 

1885.  Brown,  Benjamin,  Widnes  Foundry,  Widnes. 

1879.  Brown,  Charles,  Engineer,  Bale,  Switzerland:  (or  rare  of  Dr.  Gardiner 

Brown,  9  St.  Thomas'  Street,  London  Bridge,  London,  S.E.) 

1880.  Brown,  Francis  Robert  Fountaine,  Manager,  Ontario  Bolt  Works,  Swan 

near  Toronto,  Ontario,  Canada. 
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1    Brown,    Frederick   Alexander    William,   Lieutenant    E.A.,  Inspector  of 

Ordnance   Machinery,  Mauritius:    (or  42  Fermoy  Boad     St.   Peter's 

Park,  London,  W.) 
1888.  Brown,   Frederick   Gills,    care    of    Commissioner,    Australian   Irrigation 

Colonies,  35  Queen  Victoria  Street,  London,  E.G. ;  and  9  Baskerville 

Eoad,  Wandsworth  Common,  London,  B.W. 
1881.  Brown,  George  William,  Messrs.  Huntley  Boorue  and  Stevens,  Beading 

Tin  Works,  Beading. 
1SG3.  Brown,  Henry,  Aldridge  Road,  Perry  Barr,  Birmingham. 

1887.  Brown,  James,  Sir  W.  G.  Armstrong  Mitchell  and  Co.,  Elswick  Engine 

Works,  Newcastle-on-Tyne. 
1S8L  Brown,  Oswald,  2  Victoria  Mansions,  28  Victoria   Street,  Westminster, 
S.W.     [Acqua,  London."] 
Brown,  Robert,  Manor  House  Engine  Works,  Far  Cotton,  Northampton. 

1888.  Brown,  William,  Messrs.  W.  Simons  and  Co.,  London  Works,  Renfrew. 
1887.  Browne,  Frederick  John,  Messrs.  Austin  Wood  Browne  and  Co.,  Austin 

Foundry,  Parkfleld  Street,  Islington,  London,  N. 
1874.  Browne,   Tomyns   Reginald,   Deputy    Locomotive   Superintendent,  East 

Indian   Railway,   Jamalpur,   Bengal,   India :    (or   care  of  Messrs.   W. 

Watson  and  Co.,  27  Leadcnhall  Street,  London,  E.C.) 
1874.   Bruce,  Sir  George  Barclay,  2  Westminster  Chambers,  3  Victoria  Street, 

Westminster,  S.W. 

1880.  Bruce,  Robert,  30  Great  St.  Helen's,  London,  E.C. 

.  William  Duff,  Vice-Chairman,  Port  Commission,  Calcutta;  and 
Roland  Gardens,  South  Kensington,  London,  S.W. 

] — .  Bruff,  Charles  Clarke,  Coalport  China  ( !o.,  Coalport,  near  Ironbridgc,  Salop. 

1878,  Brunei,  Henry  Marc,  21  Delahay  Sheet,  Westminster,  S.W.     [3024.] 

1  870.  Brnnlees,  Sir  James,  F.R.8.E.,  12  Victoria  Street,  Westminster,  S.W. 

1891.  Brnnner,  Adolphus,  c>l  Konigin  Btrasse,  Munich,  Bavaria:  (or  care  of 
1.   I    Bi     ner,  257  Bomford  Boad,  Forest  Gate,  London,  E.) 

1887.  Brunton,  Philip  George,  Resident  Engineer,  Department  of  Roads  and 
I;  lg<  .  Public  Works  Office,  Sydney,  New  South  Wales:  (or  care  of 
J.  \>.  Brunt  Street,  Westminster,  S.W.) 

1881.  I:.;.     ..   William   B.,   Engineer,    East    London  Water    Works,  Old    Ford, 

London,  E. 
188*.  J:  aibald  Donglas,  Naval  Construction  and  Armaments 

Wr ;!.-,  Barrow-in-FuriM 
1878.  Bu  kley,  1  ,  Superintending  Engineer,  East  Indian  Eailway, 

Anan,    D        I,    India;    27  Queeusberry    Place,  South    Kensington, 

I.  -  ol  il.  Burton  Buckley,  l  St.  Mary's  Terrace, 

London,  W.) 
1-77.  1;  I  B  tckley  and  Taylor,  Castle  [ron Works, Oldham. 

I .  ,  'J  )j  I  .  I .    I  »     •  and  Co.,  'II  Strand,  London,  W.C. 
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1S87.  Buckton,  Walter,  27  Ladbroke  Square,  London,  W. 

1S78.  Budtlicom,  Harry  William,  Plas-Derwen,  Abergavenny. 

1882.  Budge,  Enrique,  Engineer-in-Chief,  Harbour  Works,  Valparaiso,  Chile  : 

(or  care  of  Messrs.  Rose-Innes  Cox  and  Co.,  90  Cannon  Street,  London, 

E.C.) 

1881.  Bulkle)',  Henry  Wheeler,  149  Broadway,  New  York,  United  States. 
1S84.  Bullock,  Joseph  Henry,  General  Manager,  Pelsall  Coal  and  Iron  Works, 

near  Walsall. 

1882.  Bulmer,  John,  Spring  Garden  Engineering  Works,  Pitt  Street,  Newcastle- 

on-Tyne. 
1891.  Bumsted,  Francis  Dixon,  Cannock  Chase  Foundry  and  Engine  Works, 

Hednesford,  near  Stafford. 
1884.  Bunning,  Charles  Ziethen,  The  Borax  Co.,  2  Maori  Khan,  Constantinople. 

1584.  Bunt,  Thomas,  Superintendent   Engineer,  Kiangnan  Arsenal,  Shanghai, 

China  :  (or  care  of  R.  Pearce,  Lauarth  House,  Holders  Hill,  Hendon, 
London,  N.W.) 

1884.  Bunting,  George  Albert,  Locomotive  Superintendent,  Costa  Rica  Railways, 

Cartago,  Costa  Rica  :    (or   Gaisford  House,  Gaisford  Street,  Kentish 
Town,  London,  X.W.) 

1885.  Burder,  Walter  Chapman,  Messrs.  Messenger  and  Co.,  Loughborough. 
1891.  Burgess,  Francis  Chas.-creau  Boughey,  Kistna  Bridge,  East  Coast  Railway, 

Bezwada,  Madras  Presidency,  India. 
1881.  Burn,  Robert  Scott,  Oak  Lea,  Edgeley  Road,  near  Stockport. 
1878.  Burnett,  Robert  Harvey,  Messrs.  Beyer  Peacock  and  Co.,  Gorton  Foundry, 

Manchester. 
1S78.  Burrell,  Charles,  Jan.,  Messrs.  Charles  Burrell  and   Sons,  St.  Nicholas 

Works,  Thetford.     [Burn  //,  Tht  tford.] 

1585.  Burrell,  Frederick  John,  M   ssrs.  Charles  Burrell  and  Sons,  St.  Nicholas 

Works.  Thetford.    [Burrell,  Thetford.'] 

1887.  Burstal,  Edward  Kynaston,  M<  ssrs.  Stevenson  and  Borstal,  38  Parliament 

.  Westminster,  6.W. 

1890.  Burstall,  Henry  Robert  John,  19  Little  Queen  Street,  Westminster,  S.W.  ; 

and  7'i  King's  Road,  London,  X.W. 
1S77.  Burton,  Clerke,  Burghill,  Charlton  Kings,  Cheltenham. 
L882.  Butler,  Edmund,  Kirkstall  ¥  ar  Leeds.     [Forge,  KirketalL] 

L891.  Butler,  James,  Victoria  Iron  Works,  Halifax;  and  Longfield,  Halifax. 

1888.  Butter,  Frederick  Henry,  Carriaj     1 1 B]  artmi  nt,  Royal  Arsenal,  Woolwich  ; 

and  4  H  iii  ver  11<  B  1,  Brookhill  Park,  Plumstead. 

1891.  Butter,  Henry  Joseph,  M  onett  Walker  and  Co.,  Leeds;    and 

remont,  Bun  L,  Plumst 

1887.  Caiger,  Emery  John,  Messrs.  E.  J.  Caiger  and  Co.,  77  BUliter  Buildings 
Billiter  Street,  London,  E.C.    [Caiger,  London.'] 
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1886.  Cairnes,  Frederick  Evelyn,  care  of  R.  Price-Williams,  4  Victoria  Mansions, 

82  Victoria  Street,  Westminster,  S.W. 
1889.  Callan,  William,  River  Tlate  Fresh  Meat  Co.,  2  Coleman  Street,  London, 

B.O. 
1SS0.  Cambridge,  Henry,  Stuart  Chambers,  Mount  Stuart  Square,  Cardiff. 
1877.  Campbell,  Angus,  Logic,  Mussoorie,  N.  W.  Provinces,  India. 
1SS0.  Campbell,     Daniel,    Messrs.    Campbell    and    Schultz,    Botolph    House, 

10  Easfoheap,  London,  E.C.     [Duke,  London.     1893.] 
1869.  Campbell,  James,  Hunslet  Engine  Works,  Leeds.     [Engineco,  Leeds."] 
18S2.  Campbell,    John,    Messrs.    R.   W.   Deacon    and    Co.,   Kalimaas  Works, 
Soerahaya,  Java:    (or  care  of  R.  Campbell,    Slamat  Cottage,  Mount 
Wrnon,  Glasgow.) 
1885.  Capito,   Charles   Alfred    Adolph,   12   Prince's    Street,   Hanover  Square, 

London,  W. ;  and  9  Belgrave  Terrace,  Lee,  London,  S.E. 
1860.  Carbutt,  Edward   Hamer,  19    Hyde   Park   Gardens,    London,  W. ;    and 

Xanhurst,  Cranley,  Guildford. 
1878.  Cardew,   Cornelius    Edward,   Locomotive  and   Carriage   Superintendent, 
Burma  State  Railways,  Insein,  Burma ;  care  of  Messrs.  King  King  and 
Co.,  Bombay,  India  :  (or  care  of  Rev.  J.  H.  Cardew,  Wingfield  Rectory, 
Trowbridge.) 
1875.  Cardozo,  Francisco  Correa   de   Mesquita  (Life  Member),  Messrs.  Cardozo 
and  Irmao,  Pernambuco  Engine  Works,  Pernambuco,  Brazil  :  (or  care 
of  Messrs.  Fry  Miers  and  Co.,  8  Great  Winchester  Street,  London, 
K.C.) 
1878.  Carlton,  Thomas,  William,  Messrs.  Taite  and  Carlton,  63  Queen  Victoria 
Street,   London,   E.C.   [1618.];   and  1  Canfield  Gardens,  Priory  Road, 
W<  rt  Eampstead,  London,  N.W. 
Igg7,  <   ulyle,   Thomas,   Lieutenant  R. A.,  Inspector  of   Ordnance    Machinery, 
ii  72  GHyndon  Road.  Plumstead.) 
I    rpmaeL  Frederick,  106  Croxted  Road,  West  Dulwich,  London,  S.E. 
Ig  ,;    (  ...■_.  ;.  William,  24  Southampton  Buildings,  London,  W.C.    [Carpmael, 

I.      ■        2608.] 
1-77.  <  irr.  Robert,  Chief  l     ■  ••  ■  r,  London  and  India  Docks  Joint  Committee, 

D       II    .    .  L09  I  ■  adi  nhall  Street,  London,  B.O. 
].-!.(    ;,;  :  .    B  M     rs.     Carrick    and    Wardale,    Bedhengh    Engini 

Bad;     and     Newbrough     Lodge,    Fourstcnes,    B.8.O., 
thumberland.    [Wardale,  Qaiethead.'] 
1888.  Carrick,  Bamti  irt,   Bnperintendent    Engineer,  Shaw  Savill  and 

AH,  <     .  :;i  Li  adi  nhall  Btn  et,  London,  I 

1-7J.  <  ir:  jton^  William  T.  H.,  72  Mark  Lane,  London,  E.C. 

.   Herbert    Fuller,  Consulting   Mechanical   Engineer,  Guanajuato, 
ii.    Maynard    Carter,    126    Wool    Exohange, 
t.  1  [•].< 
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1877.  Carter,  William,  Manager,  The  Hydraulic  Engineering  Company,  Chester. 
1891.  Carter,  William  Charles,  care  of  Messrs.  A.  H.  Can  and  Co.,  5  Jeffrey 
Square,  London,  E.C. 

1890.  Carver,    Henry    Clifton,    Messrs.    Coates    and    Carver,   3   Cross   Street, 

Manchester. 
1888.  Castle,    Frank,    Royal    College    of    Science,    Exhibition    Road,    South 
Kensington,  London,  S.W. 

1891.  Caswell,  Samuel  John,  31  Sakai  Machi,  Kobe,  Japan;  and  35 Park  Road, 

Crouch  End,  London,  X. 
1883.  Cawley,  George,  358  Strand,  London,  W.C. 
187G.  Challen,  Stephen  William,  Messrs.  Taylor  and  Challen,  Derwent  Foundry, 

60  and  G2  Constitution  Hill,  Birmingham.     [Dericent,  Birmingham.'] 
188G.  Chalmers,  John  Reid,  IS  Hemingford  Road,  Barnsbury,  London,  N. 
1SS4.  Chamberlain,    John,    Charters    Towers    Gas    Works,    Charters    Towers, 

Queensland :    (or   care    of    J.   Chamberlain,    188  West    Ferry  Road, 

Millwall,  Poplar,  London,  E.) 
1890.  Chandler,  Noel,  Cannock  Chase  Foundry  and  Engine  Works,  Hednesford. 

near  Stafford. 

1587.  Chapman,  Alfred  Crawhall,  2  St.  Nicholas'  Buildings,  Xewcastle-on-Tyne. 

1588.  Chapman,  Arthur,  Messrs.  Marillier  and  Edwards,    1    Hastings   Street, 

Calcutta,  India;  Great  Eastern  Hotel, Calcutta,  India:  (or  St.  Andrew's 

Cottage,  Bury  St.  Edmund's.) 
1882.  Chapman,  Hedley,  Messrs.  Chapman  Carverhill  and  Co.,  Scotswood  Road, 

Xewcastle-on-Tyne. 
18G6.  Chapman,   Henry,   G9  Victoria    Street,  Westminster,    S.W.      [Tubdlcain, 

London."]',  and  10  Rue  Laffitte,  Paris. 
1878.  Chapman,   James  Gregson,  Messrs.  Fawcett    Preston  and   Co.,   Phoenix 

Foundry,  Liverpool;    and   25   Austinfriars,    London,    E.C.    [Faiccett, 

London.'] 
1885.  Chapman,    John,  Engineer  and   Manager,    Windsor  Corporation   Water 

Works,  Tangier  Islands,  Eton. 
1887.  Chapman,  Joseph  Crawhall,  70  Chancery  Lane,  London,  W.C. 
1885.  Charuock,  George  Frederick,  Engineering  Department,  Technical  College, 

Bradford. 
1877.  Chater,  John,  Messrs.  Henry  Pooley  and  Son,  89  Fleet  Street,  London,  E.C. 

1890.  Chater,  John  Richard,  Madras  Railway.  Madia-.  India. 

1891.  Chatterton,  Alfred,   Professor  of  Engineering,   College  of  Engineering, 

Madras,  India. 
1887.  Chatwin,    James,    Victoria     Works,     Great    Tindal     Street,    Lady  wood, 

Birmingham. 
18G7.  Chatwood,    Samuel,   Lancashire   Safe     and    Lock   Works,   Bulton ;    and 

High  Lawn,  Broad  Oak  Park,  Worsley,  near  Manchester. 
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1878.  Gheesman,  William  Talliot,  Hartlepool  Rope  Works,  Hartlepool. 

881.  Chiloott,  William  Winsland,  The  Terrace,  11. M.  Dockyard.  Sheerness. 
J7.  Chisholm,    John,    General    Manager,    Messrs.    A.   and    J.   Stewart    and 
I         sdale,    41    Oswald    Street,    Glasgow;    and  9    Corunna    Street, 
Dumbarton  Road,  Glasgow. 
Ihittenden,    Edmund    Barrow,    Messrs.    Chittenden    Knight    and    Co., 
Sittingbonrne ;     and    Manor    House,    Offham,    West    Mailing,    near 
M  lidstone. 
5,  i  hubb,  Thomas  Lyon,  Locomotive  Carriage  and  Wagon  Superintendent, 
1  i  anil  del   Oeste,   Talleres    Tolosa,   Buenos    Aires,    Argentine 

Republic. 
80.  Churchward,  George  Dundas,  Locomotive  Superintendent,  China  Railway 
mpany,  care  of    H.B.M.'s    Consulate,    Tientsin,  North  China:     (or 
of  A.   W.    Churchward,    London    Chatham  and  Dover  Railway, 
Queenborough  Pier,  Queenborough.) 
•I.  Clark,  Augustus,  Bowman's  Heirs,  Pemambuco,  Brazil. 
7L  Clark,  Christopher  Fisher,  Mining   Engineer,  Garswood   Coal   and    Iron 
Co.,  Park  Lane  Collieries,  Wigan;  and  Cranbury  Lodge,  Park  Lane, 
W  .ran.   [Park  Lane,  Wigan.'} 
J$,  Clark,  Daniel  Kinnear,  S  Buckingham  Street,  Adelphi,  London,  W.C. 
'    *  lark,  George,  Southwick  Engine  Works,  near  Sunderland. 

ark,  Thomas  Alexander,  Superintendent  of  Workshops,  George  Ilcriot's 
I !     pital  School,  Edinburgh. 

!'    kncis,  Dane  John  Iron  Works,  Canterbury. 

.:•  .  L32  Westbourne  Terrace,  Hyde  Park,  London,  W. 

Elm  Tree  Villa,  Rosenau  Road,  Battersea,  London, 

'A'. 

1880.  Clayto  .  B  ra  •  1.  >t.  Thomas'  Engine  Works,  Bunbridge  Road,  Bradford. 
i,  William  Wikeley,  M< — .  Sudswell  Clarke  and  Co.,  Railway 
l      ■  Iry,  Jack  Lane,  Leeds.    [Loco,  Leeds.    504.] 

rard  Thomas,     M     irs.   Cleathero   and   Nichols,  Phoenix 
.    K        land,    London,  X.;    and   1G  Tollington 
i.  \. 
r,  Artimr,   i.  ,  Nottingham   Laundry  Co.,  Sherwood,  near 

n  !  Hornby  1 1  oui  ,  She]  wo  d,  m  u  Nottingham. 
I  Ti   '  d    Works,  Blonk  Street,  Sheffield, 
li wood  House,  9  New  Broad  Street,  London,  E.C. 
ton.] 

'  Hob    [roil  Works,  Lincoln. 
/ 

1;  llai  Railway  EL  otrle  L i  ^  1 1 1  Woi  - 

ton,  1  on  1')  i,  \v. 

I-    .an  Road,  York. 
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1885.  Clutterbuck,  Herbert,  Engineers'  Department,  London  County   Council, 
Spring  Gardens,  London,  S.W. 

1882.  Coates,  Joseph,  Messrs.  Robey  and  Co.,  Globe  Iron  Works,  Lincoln. 

1883.  Coath,  David  Decimus,  Agricultural   Implement  Works  and   Saw  Mill, 

Kangoon,  British  Burmah,  India. 
1881.  Cochrane,  Brodie,  Mining  Engineer,  Aldin  Grange,  Durham. 

1858.  Cochrane,  Charles,  Woodside  Iron  Works,  near  Dudley  ;  and  Green  Eoyde, 

Pedmore,  near  Stourbridge. 

1887.  Cochrane,  George,  Resident  Engineer,  London  Hydraulic  Power  Works, 

4G  Holland  Street,  Blackfriars  Road,  London,  S.E. 
1885.  Cochrane,  John,  Grahamston  Foundry  and  Engine  Works,  Barrhead,  near 

Glasgow.     [Cochrane,  Barrhead.'] 
1869.  Cochrane,  Joseph  Bramah,  Woodside  Iron  Works,  near  Dudley. 
1868.  Cochrane,     William,     Mining     Engineer,     Elswick      Colliery,     Elswick, 

Xewcastle-on-Tyne ;  and  Oakfield  House,  Gosforth,  Xewcastle-on-Tyne. 
1864.  Coddington,   William,    M.P.,    Ordnance    Cotton    Mill,    Blackburn;    and 

Wycollar,  Blackburn. 
1889.  Coey,    Robert,    Assistant    Locomotive    Engineer,    Great    Southern    and 

Western  Railway,  Inchicore  Works,  near  Dublin. 

1859.  Colam,  William  Newby,  Billiter  Buildings,  Billiter  Street,  London,  E.C. 

[Colam,  London."] 

1884.  Cole,  Charles,  Messrs.  Cole  Booth  and  Co.,  Vulcan  Works,  Dudley  Hill. 

Bradford. 
1878.  Cole,  John  William,  Messrs.   James  Martin  and  Co.,  Phoenix  Foundry. 
rler,  South  Australia:  (or  care  of  J.  C.  Lanyon,  27  Gresham  House, 

Old  Broad  Street,  London,  E.C.) 
1878.  Coles,  Henry  James,  Sumner  Street,  South wark,  London,  S.E. 

1877.  Coley,  Henry,  Mansion  House  Chambers,  Queen  Victoria  Street,  London, 

E.C. 
1884.  Collenette,  Ralph,  Bowling  Iron  Works,  Bradford. 
1884.  Colquhoun,   James,    General    Manager,  Tredegar    1.  I    and  Steel 

Works,  Tn  cL  gar. 
18S4.  Coltman,  J<-hn  Charles,  Messrs.  Hnram  Coltman  and  Son,  Engineering 

Woi  low  Lane,  Loughborough. 

1878.  Colyer,  Frederick,  18  Gi  -       .  Westminster,  S.W. 

1888.  I  .    Abrani,    31  I       .'       Barbour   and    Com     .     Falls    Foundry, 

ft  I 

1889.  Common,  John  Freeland  Fergus,  1  Bute  (  .  Cardiff 

1881.  Compton-Braoebridge,  John    Edward,    Messrs.    l  and    Anderson, 

3  Whitehall  Place,  London,  s.w. 
1888.  C  ostantine,  BzekielGi  -  x>       ria Street,  Manchester.    [OontUmt, 

Mancheder.] 

c 
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s,  Sidney  Ward,  Railway   Construction    Branch,  Public  Works 
Department,  Sydney.  New  South  Wales. 
>7  re,  William,  National  Mortgage  and  Agency  Co.  of  New  Zealand, 

Melbourne,  Victoria. 
18.  Cook,   John  Joseph,  Messrs.  Robinson  Cooks  and   Co.,  Atlas  Foundry, 

St.  Helen's,  Lancashire. 
7.  Cooper,   Arthur,    North  Eastern   Steel   Co.,  Royal   Exchange,  Middles- 
brough. 
:.  Cooper,  Charles  Friend,  Messrs.  Faterson  and  Cooper,  Telegraph  Works, 
Pownall  Road,  Dalston,  London,  E.    [PofcKa,  London.     1140.] 
77.  Cooper,  George,  Pencliffe,  Alleyne  Road,  West  Duhvich,  London,  S.E. 
I      per,  Myles,  30  Victoria  Street,  Manchester. 
I  B74.  C  icper,  William,  Neptune  Engine  Works,  Hull.     [Neptune,  Hull.'] 
1881.  Coote,  Arthur,  Messrs.  R.  and  W.  Hawthorn  Leslie  and  Co.,  Hebburn, 
Newoastle-on-Tyne. 
:.  Copeland,  Charles  John,  Messrs.  Westray  Copcland  and  Co.,  Barrow-in- 
Furness.     [Engine,  Barrow-in-Furness.'] 
1S85.  Coppe'e,  Evence,  223  Avenue  Louise,  Brnxelles,  Belgium. 

J&.  Comes,  Cornelius,  G  Norfolk  Crescent,  Bath  [Stofhert,  Comes,  Bath.]  ;  and 
7G  Cannon  Street,  London,  E.G.     [Stothert,  Comes,  London.] 
Cony,  Elward,  9  New  Broad  Street,  London,  E.C. 
1881.  Cosser,  Thomas,  McLeod  Road  Iron  Works,  Kuvracbee,  India  :  (or  care  of 
Messrs.   Ironside   Gyles  and   Co.,    1    Gresham    Buildings,   Guildhall, 
London,  E.C.) 

•4   ::.  Henry  Sir  atfeild,  London  Hydraulic  Power  Co.,  Palace  Chambers, 
linster,  S.W. 
John,  51  Alma  Bead,  Birkdale,  Southport. 
-    i  ,  John,  Hull  and  Barnsley  Railway,  Spring  Head  Works,  Hull. 

Willi  hi.  1  Pimlioo,  Durham, 
rs.  Courtney,  r     ik  Stuart,  3  Whitehall  Place,  London,  S.W.;  and  7G  RedclifTo 

B,  fi  I.  D,  London.  S.W. 

1875    |  !.-.  Melland  and  Coward,  Cotton  Mills  and  Bleach 

:       y,  oear  Bfanehester. 
1-7;    (  :,  He    )■-.  G.   B.  Cowen   and   Co.,  Book  Works, 

ttingham  ;  and  9  The  Bopewalk,  Nottingham.  [Covoen, 
-7.] 
18>  .  «  ird,  6  Great  George  Street,  Westminster,  S.W, 

(  •.       I.  8  I  ■  ■■  ■'  Gi  or  ■■  Btn  1 1,  W  er,  S.W. 

ahall  Street,  London,  E.C. 
:  --:.  <  .  ;  B  i      hill  Place,  Dundee. 

r.  ilillas  Crampton,  100  Eaton  Place,  London, 
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1S82.  Craven,   John,  Messrs.  Smith   Beaeock  and  Tannett,  Victoria  Foundry, 

Leeds. 
1871.  Craven,  Joseph,  Messrs.  Smith  Beaeock  and  Tannett,  Victoria  Foundry, 

Leeds. 

1890.  Craven,  Thomas  Edwin,  20  Victoria  Chambers,  South  Parade,  Leeds. 
1866.  Craven,  William,  Vauxhall  Iron  "Works,  Osborne  Street,  Manchester. 

1889.  Cribb,   Frederick  James,  Messrs.  Marshall  Sons  and  Co.,  Britannia  Iron 

"Works,  Gainsborough. 
18S4.  Crighton,     John,     Union     Engineering     Co.,     Tollard     Street      East, 

Manchester. 
1873.  Crippin,    Edward    Frederic,    Mining    Engineer,   Brynu    Hall    Colliery, 

Ashton,  near  "Wigan. 
18S3.  Croft,  Henry,  Chemanns,  Vancouver  Island. 

1878.  Crohn,  Frederick  "William,  16  Burncy  Street,  Greenwich,  London,  S.E. 
1S77.  Crompton,  Bookes  Evelyn  Bell,  Arc  Works,  Chelmsford;    and  Mansion 

House  Buildings,   Queen  Victoria   Street,   London,  E.C.    [Crompton, 

Chelmsford.'] 
1884.  Crook,    Charles    Alexander,  Telegraph    Construction    and  Maintenance 

Works,  Enderby's  Wharf,  East  Greenwich,  London,  S.E. 
1SS1.  Crosland,   James    Foyell    Lovelock,    Chief   Engineer,   Boiler  Insurance 

and  Stenm  Power  Co.,  67  King  Street,  Manchester. 

1891.  Crosland,  Joseph,   Messrs.  Seebohm   and   Dieckstahl,  Dannemora  Steel 

Works,  Sheffield;  and  Stanley  Avenue,  Birkdale,  Southport. 
1S65.  Cross,  Jam  >.  Messrs.  John  Hutchinson  and  Co.,  Alkali  Works,  Widnes ; 
and  Eirianfa,  Llangollen. 

1890.  Cross,  Robert  James,  Consulting  Engineer,  Great  Western  Steamship  Co. ; 

care  of  Messrs.  Murk  Whitwill  and  Son,  Bristol. 
1871.  Crossley,  William,  153  Queen  Street,  Glasgow.     [Crossley,  Glasgow.    581.] 
•  y,   William  John,  Messrs.  Crossley  Brothers,  Great  Marlborough 

Street,  Manchester.    [Crossley^  Operuihato.'] 
1S82.  Crnickshank,  William  Douglass,  Chief  Government  Engineer  Surveyor, 

Marine  Board,  Sydney,  Xew  South  Wi 

1886.  Cryer,     Thomas,      Mechanical     Engineering    Department,    Manchester 

Technical   S        '.   Princess   Sti   et,   Manchester;   and  Urmston,   near 

Man 
18S9.  Cullen,  William  Hart,  Resident  Engineer,  The  Aluminium  Co.,  OldbuTT, 

ix  Birmingham. 
1875.  Curtis,  Richard,  M  as  and   Co.,  Phoenix  Works,  Chapel 

Stre  {,  Manohi  iter.    [Ourtiui,  Maneketttr.'] 

1887.  Cutler,  George  B     jamin,   M  Samuel  Cutler  and  Bone,  Proyid 

Iro:  W    '   .  Mill* all,  London,  E.  ;  and 4  Westcombe  Park, Blackheath. 
London,  B.E. 
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1876L  Cutler,  Samuel,  Messrs.  Samuel  Cutler  aud  Sons,  Providence  Iron  Works, 
Millwall,  London,  E.     [Cutler,  MilhcaJl.     5059.]  ;  aud  1G  Great  George 
t,  Westminster,  S.W. 

1SSS.  Dadabhoy,  Cursetjee,  Messrs.  Bhapurji  Sorabji  and  Co.,  Bombay  Foundry 

and  Engine  Works,  Khetwady,  Bombay,  India ;   and  Cumbala  Hill, 

Bombay,  Iudia. 
1S64.  Daglish,   George    Heaton,   Rock    Mount,   St.   Anne's    Road,    Aigburth, 

near  Liverpool.     [Daglish,  Aigburth.     2717.] 
1891.  Daglish,   Harry  Bolton,  Messrs.   Robert  Daglish  and   Co.,   St.   Helen's 

Engine  and  Boiler  Works,  St.  Helen's,  Lancashire. 

1883.  D* Albert,   Charles,  Messrs.    Hotchkiss    aud    Co.,   6    Route  de  Gonesse, 

St.  Denis,  near   Paris;    and    1G  Rue   des   Chesneaux,   Montmorency, 

Seine-et-Oise,  France. 
1890.  Dalby,    William    Ernest,    Engineering    Department,     The    University, 

'    mbridge. 
1SS9.  Dalgarno,  James  Robert,  Danesford,  Countess  Wells  Road,  Mannofield, 

Aberdeen. 
1SS1.  D' Alton,  Patrick  Walter,  London  Electric  Supply  Corporation,  Stowage 

Wharf;  Deptford,  London,  S.E. 
1SGG.  Daniel,   Edward  Freer,   Messrs.   Worthington    and    Co.,   The    Brewery, 

Burton-on-Trcnt;  and  89  Derby  Street,  Burton-on-Trent. 
Daniel,    William,    Messrs.   John   Fowler  and   Co.,   Steam    Plough   and 

Locomotive  Works,  Leeds;  and  Fern  Bank,  Horsforth,  Leeds. 
[891.  D       Is,  I    i  :i.  ia,  Messrs.  Nasmyth  Wilson  and  Co.,  Patricroft,  Manchester. 
1888.  Darbishire,  James  Edward,  1 10  Cannon  Street,  London,  E.C. 
1878.  Darwin,     Horace    (Life    Member),    The    Orchard,     Huntingdon    Road, 

1     abridge. 

.  II     :v.  M.  bsts.  Hathora  Davey  and  Co.,  Sun  Foundry,  Dewsbury 

B  id,     Leeds    [Son     Foundry,     Leeds'];       and     3     Prince's    Street, 
r,  B.W. 

1884.  David.-. n,  James  Young,  i:;  Fairlawn  Avenue,  Aoton  Green,  Ohiswiok, 

i     tdon,  W. 
1888.1'  I      and,  Sirocco  Works,  Bridge  End,  Belfa 

1884.  D  v.  i    kell  Chambers,  Market  Place,  Nottingham. 

i  .....  I  I  i         .  i.  •■■  and  Wagon  Superintendent, 

■  pm    EUilwi  »ur,    <  '•  ntral    Provino  I,    [ndia;    and 

I      i       He,  Qui  •  n'i  Drive,  ( !i  i  Mil.  Glasgow. 

I  John  mdes  Strei  t,  Oakley  Square,  London, 

W. 

P.O.  Boi   165,  Johanm  il,  South 
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1874.  Davis,  Alfred,   2   St.   Ermin's    Mansions,    "Westminster,    S.W.      [Sivad, 

London.'] 
1868.  Davis,  Henry  "Wheeler,  53  New  Broad  Street,  London,  E.G. 
1873.  Davis,    John    Henry,    Messrs.    Nasmyth    "Wilson    and   Co.,   Bridgewater 

Foundry,  Fatricroft,   near  Manchester ;    and    1    Arthur    Street  "West, 

London,  E.C. 
1S7G.  Davis,    Joseph,   Lancashire  and  Yorkshire  Railway,   Engineer's   Office, 

Manchester. 
1877.  Davison,   John   Walter,   Park  Cottage,  South  Hill   Road,   Milton,  near 

Gravesend. 
1884.  Davison,  Robert,  Caledonian  Railway,  Locomotive  Department,  St.  Rollox, 

Glasgow. 

1873.  Davy,  David,  Messrs.  Davy  Brothers,  Park  Iron  "Works,  Sheffield.    [Motor, 

Sheffield.'] 

1883.  Daw,  James   Gilbert,  Messrs.   Xevill   Druce  and   Co.,  Llanelly    Copper 

"Works,  Llanelly. 
1S74.  Daw,  Samuel,  Staffa  Lodge,  South  Park  Hill  Road,  Croydon. 
1879.  Dawson,  Bernard,  110  Cannon  Street,  London,  E.C.     [Crocus,  London.]  ; 

and    The    Laurels,     Malvern    Link,    Malvern.      [Heather,    Mid  era 

Link.] 

1875.  Dawson,  Edward,  Messrs.  Forster  Brown  and  Rees,  Guild  Hall  Chambers, 

Cardiff. 
1890.  Day,  George  Cameron,  Messrs.  Day  Summers  and  Co.,  Xortham  Iron 

Works.  Southampton. 
188G.  Dayson,  William  Ogdeu,  Ebbw  Vale  Steel  Iron  and  Coal  Works,  Ebbw 

Vide,  R.S.O.,  Monmouthshire. 

1874.  Deacon,     George    Frederick,    Victoria    Mansions,   32     Victoria    Street, 

Westminster,  B.W. 
1S80.  Deacon,  Richard  William,  Messrs.  Samuel  Fisher  and  Co.,  Nile  Foundry, 

Birmingham;  tad  19  Clarendon  Road,  Edgbaston,  Birmingham. 
18G8.  Dean,   William,   Locomotive    Superintendent,    Great    Western    Railway, 

Swindon. 
1S87.  Deas,  James,  Clyde  Navigation,  Glasgow. 
18CG.  Death,  Ephraim,  Messrs,  Di  sth  and  Ellwood,  Albert  Works,  Leicester. 

1884.  Dccauville,  Paul,  Portable  Railway  Works,  Petit  Bourg,  Seine  et  Oisc, 

France.    [DseawvtZZe,  OorbeiL] 
1890.  Deeley,  Richard  Mountlbrd,  Locomotive  Department,  Midland  Railway, 
Derl>y;   and  1<»  Cliainw 1  Strut,  Derby. 

1877.  Dees,  James  Gibson,  ^'i  King  Street,  Whitehaven. 

1889.  Defries,  Wolf,   M  Defries   and    Sens,   117   Houndsditch,  Lo  :don,  EL 

[Defrit  i,  London."] 
1858.  Dempeey,  William,  26 Great  George  Street,  Westminster,  S.W. 
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1882.  Denison,    Samuel,    Messrs.    Samuel    Denison    and    Son,    Old  Grammar 

-  hool  Foundry,  North  Street,  Leeds.    [Weigh,  Leeds,    221.] 

1888.  Dent,   diaries  Hastings,   Locomotive  Department,    London    and  North 
"Western  Railway,  Treston. 

1888.  Dick,  Frank  Wesley,  Palmers  Shipbuilding  and  Iron  Works,  Jarrow. 
1891.  Dick,   John   Norman,   Government  Engineer  Surveyor,  Penang,  Straits 

-  ttlements. 

1890.  Dickinson,  Alfred,  Engineer,  South  Staffordshire  Tramways,  Darlaston, 

Wednesbury. 
1.  Dickinson,  Douglas  Holt,  208  Casilla  del  Corrco,  Montevideo,  Uruguay: 

(or  care  of  I.  G.  Dickinson,  National  Provincial  Bank  of  England, 

Nc -wcastle-on-Tyne.) 
189L  Dickinson,  James^Clark,  Palmer's  Hill  Engine  Works,  Sunderland. 
1SS0.  Dickinson,  John,    Palmer's  Hill    Engine   Works,   Sunderland.      [Bede, 

:■  rland.] 
1-7.").  Dickinson,  William,  Messrs.  Easton  and  Anderson,  3  Whitehall  Place, 

London,  S.W. 
1---.  Dickson,  George  Manners,  Assistant  Engineer,   Calcutta  Water  Works, 

Municipal  Office,  Calcutta,  India. 
188&  Dixon,  Robert,  Messrs.  Dixon  and  Corbitt,  Teams  Hemp  and  Wire  Rope 

Works,  Gateshead.     [Dixon,  Gateshead.'} 

1883.  Dixon,  Samuel,  Messrs.  Kendall  and  Gent,  Victoria  Works,  Springfield, 

Balfbxd,  Manchester.     [Tools,  Manchester.'] 
1—7.  Dixon,  William  Basil,  Earle's  Shipbuilding  and  Engineering  Works,  Hull. 
l-7_'.  D  bson,    Benjamin    Alfred,  Messrs.    Dobson    and    Barlow,   Kay   Street 

■ffoAhiim  Works,  Bolton.     [Dobsons,  Bolton.'] 
1878.  Dobson,  Bichard  Joseph  Caistor,  Suiker  Pabrick,  Kalibayor,  Banjoemas, 
(or  care  of  Charles  E.  S.   Dobson,  4   Chesterfield   Buildings, 

Victoria  Park,  Clifton,  Bristol.) 
1880.  D    Id,  John,  Mb     r  .  Piatt  Brothers  and  Co., Hartford  Iron  Works,  Oldham. 
L868.  D    Iman,  Alfred,  Highgate  Foondry,  Lynn.    [Dodman,  Lynn.] 

1889.  D     jr,Bi  ■■  I,  9  Prince's  Street,  Westminster,  S.W. 

1880.  Donald,   .bun.  .   U        .  Jamefi    Fisher  and    Sons,   Fisher's  Buildings, 

i     • 

D  uJohn,  Mi     i  .  •!  bn  I.  Thornycroft  and  Co.,  Steam  Yacht  and 

I.    ...  B  ..         Church  Wharf,  Ghiswiek,  London,  W.j  and  Tower 

II 

1873.  Donki.  .1:     \n,  JniL,  M        .  B.  Donkio  and  0o.,  Sonthwark  Park  Road, 

B  I  s  B.E. 

i  -- 1.  I)  mif  B   id,  London,  8.E. 

1 1  ::. ru  h  EL  Engineering  Co.,  I  12  Belvedi  n 

i.         ,  -  i.  ;  and  21  Lancaster  Park,  Eichmond,  Surrey. 
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1SG5.  Douglas,  Charles  Prattman,  Consett  Iron  Works,  near  Blackhill,  County 
Durham  ;  and  Parliament  Street,  Consett,  County  Durham. 

1S79.  Douglass,  Sir  James  Nicholas,  F.It.S.,  Trinity  House,  Londou,  E.C. 
[2242.];  and  Stella  House,  Dulwich,  London,  S.E. 

1879.  Douglass,  William,  Chief  Engineer  to  the  Commissioners  of  Irish  Lights, 

"Westmoreland  Street,  Dublin. 
1891.  Douglass,  "William  James,  Messrs.  Douglass  Brothers,  Globe  Iron  "Works, 

Blaydon-on-Tyne,  R.S.O.,  County  Durham. 
18S7.  Douglass,  "William  Trcgarthen,  17  Victoria  Street,  Westminster,  S.W. 
1857.  Dove,  George,  Messrs.  Cowans_  Sheldon  and   Co.,  St.   Nicholas  Engine 

and  Iron  "Works,  Carlisle ;  and  Viewfield,  Stanwix,  near  Carlisle. 

1873.  Dove,   George,    Eedbourn  Hill   Iron   and   Coal  Co.,  Frodingham,  near 

Doncaster  [Eedbourn,   Frodingham.']]    and  Hatfield  House,  Hatfield, 

near  Doncaster. 
1866.  Downey,  Alfred  C,   Messrs.   Downey  and   Co.,    Coatham    Iron  Works, 

Middlesbrough  ;  and  Post  Office  Chambers,  Middlesbrough. 
1881.  Dowson,  Joseph   Emerson,   3   Great    Queen  Street,   "Westminster,   S.W. 

[Gascons,  London.'] 

1880.  Doxford,    Ptobert    Pile,    Messrs.    William    Doxford    and    Sons,    Pallion 

Shipbuilding  and  Engine  Works,  Sunderland. 

1874.  Dredge,  James,  35  Bedford  Street,  Strand,  London,  W.C.     [3663.] 

1890.  Drewet,   Tom,   Government   Senior  Inspector    of    Steam  Boilers,   Town 

Custom  House,  Bombay,  India. 
1886.  Drummond,  Dugald,   Locomotive    Superintendent,   Caledonian  Railway, 

St.  Rollox  Works,  Glasgow. 
1S89.  Drummond,  Richard  Oliver  Gardner,  De  Beer's  Diamond  Mining  Co., 

Kimberley,  South  Africa. 
1-77.  Dfibs,  Charles  Balph,  Messrs.  D Libs  and  Co.,  Glasgow  Locomotive  Works, 

Glasgow. 
1S77.  Dobs,  Henry  John  Billars,  Messrs.  Dubs  and  Co.,  Glasgow  Locomotive 

Woa  ,'ow. 

1885.  Di.  .  Charles,  Water  Bide  Works,  Rosemary  Lane,  Lincoln. 

1880.  Duckliam,  Frederic  Eliot,  Engineer,  Millwall  Docks,  London,  E. 

1881.  Duckham,    Heber,     182     Lewisham    Road,   London,    S.E.      [Duclcliam, 

London,"] 
1879.  Duncan,   David    John    Bnatell,   Messrs.   Duncan    Brothers,  2    Victoria 
Mansions,  28  v  H  r,  S.W.    [Douetne,  I      Ion.]; 

and  Kilmux,  Lev.  n. 

1886.  Duncan,  Norman,  Mechanical  Engineer  to  the  Municipality,  Rangoon, 

British  Burmali,  India. 
1870.  Duulop,  James  Wilkie,  39  D  .  X.W. 

1881.  Dunn,  Henry  Woodham,  CharlcombeG  itli. 
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'.  Dunn,  Hugh  Shaw,  Engineer,  Caprington  Collieries,  Kilmarnock. 
L885.  Durham.  Frederick  William,  27  Leadenhall  Street,  London,  E.C.    [OUring, 
Condon.]  ;  and  Glemham  Lodge,  New  Barnet. 
ft  Duvall,  Charles  Anthony,  Lnoigen  Light  Co.,  rage  Street,  Westminster, 
-  If. 

1887.  Dymond,  George  Cecil,  Messrs.  W.  P.  Thompson  and  Co.,  G  Lord  Street, 

Liverpool. 
1SG5.  Dyson,  Robert,  Messrs.  Owen  and  Dyson,  Rother  Iron  Works,  Rotherbam. 

1S80.  Eager,  John  Edward,  Messrs.  William  Crichton  and  Co.,  Engineering  and 

Shipbuilding  Works,  Abo,  Finland. 
1S69.  Earnshaw,  William  Lawrence,  Superintending  Marine  Engineer,  South 

Eastern  Railway,  Folkestone. 
1858.  Easton,  Edward,  11  Delahay  Street,  Westminster,  S.W. 

1884.  Eastwood,  Charles,  Manager,  Linacre  Gas  Works,  Liverpool. 

1885.  Eaton-Shore,  George,  Borough  Engineer,  Temple  Chambers,  Crewe. 
Wo.  Eaves,  William,  Engineer,  Messrs.  John  Brown  and  Co.,  Atlas  Steel  and 

Ir*>n  Works,  Sheffield. 
1S7S.  Eckart,  William  Roberts,  Messrs.  Salkcld  and  Eekart,  G32  Market  Street, 

P.  O.  Box  1844,  San  Francisco,  California,  United  States. 
18G8.  Eddison,   Robert  William,  Messrs.  John  Fowler  and  Co.,  Steam  Plough 

and  Locomotive  Works,  Leeds. 

1886.  Ede,  Francis  Joseph,  Messrs.  Ede  Brothers,  Silchar,  Cachar,  India. 

7.   IMlin,  Herbert  William,  Poste  Restante,  Cape  Town,  Cape  Colony :  (or  The 

Limes,  Ellerton  Read,  Surbiton,  R.  O.,  Kingston-on-Thames.) 
1883.  Edmiston,    James    Brown,    Marine    Superintending    Engineer,    Messrs. 

Hamilton  Prater  and  Co.,  K  Exchange  Buildings,  Liverpool ;  and  Ivy 

I     fctage,  Highfield  Road,  Walton,  Liverpool. 
L.  Edwaj  r  James,  12  Dartmouth  Street,  Westminster,  S.W. ;  and  42 

Rye  Hill  Park,  Peckham,  London,  S.E. 
J,  i.  Lwarda,  Fred  rick,  62  Biahopsgate  Street  Within,  London,  E.C. 

1888.  Ellery,  Hei      I  .7  Pernbank  Road,  Bedland,  Bristol. 

1875.  J.        •     .    Edward    Bayzand,  Hydraulic   Engineering  Works,  Chester; 
and  Hydranlio  I  ring  Co.,   Palace  Chambers,  9  Bridge  Street, 

\v.  w. 

'.  I..    •.    Six    G  Bart,    M.i\,    Houghton-le-Spring,    near     Fence 

Houses.    [Elliot  Company,  Lond\ 

.    !..i.    tt,    H<  :.r.    John,    A-.-i.-iant.    Manager,    Elliott's    Metal    Works,    Selly 

i  ...       Elmt  oo,  Birmingham.'] 
'.  Elliott,  Henry  Worton,  Belly  Oak  Works,  near  Birmingham.     [Elmeoo, 

ningham.~\ 
_'.  Elliott,   i.  Gral  im,  M(    rt,  Fairbairn  Naylor  Maopherson  and  Co., 

Ilington  Foundry,  I  < 
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1880.  Ellis,  Oswald  William,  6  Grosvenor  Place,  Jesmond,  Xewcastle-on-Tyne. 

[Bobey,  Neiccastle-on-Tyne.'] 
1885.  Elsworthy,  Edward  Houtson,  Messrs.  Richardson  and  Cruddas,  Byculla 

Iron  Works,  Bombay,  India  ;  and  91  King  Henry's  Road,  London,  N.W. 
1875.  Elwell,  Thomas,  223  Avenue  de  Paris,  Plaine  St.  Denis,  Seine,  France. 
1878.  Elwin,  Charles,  London  County  Council,  Spring  Gardens,  London,  S.W. 

1589.  Emett,   George  Henry  Hawkins,    Hope    Foundry,  Dewsbury.      [Emett, 

Deicd>ury.~] 

1890.  English,  Lt.-Colonel  Thomas,  Palmer's  Ordnance  Works,  Jarrow. 

1885.  Errington,   William,   Salisbury    Buildings,    Bourke    Street,    Melbourne, 

Victoria. 
1S91.  Esson,    David    Duncan,    Maclvor's    White    Lead    Co.,   Candor    WTorks, 

Xorthfleet,  S.O.,  Kent. 

1590.  Esson,  John,  Messrs.  Blaikie  Brothers,  Footdee  Iron  Works,  Aberdeen. 
1SS9.  Etches,  Harry,  10  Langney  Road,  Eastbourne. 

1884.  Etherington,  John,  39a  King  William  Street,  London  Bridge,  London,  E.C. 
1S87.  Evans,  Arthur  George,  Palace  Chambers,  9  Bridge  Street, Westminster,  S.W. 
18S4.  Evans,  David,  Messrs.  Bolckow  Vanghan  and  Co.,  Cleveland  Iron  and 

Steel  Works,  South  Bank,  R.S.O.,  Yorkshire. 
1888.  Evans,  Joseph,  Culwell  Foundry,  Wolverhampton. 

1885.  Evans,  Richard  Kendall,  Engineering  Works,  Sandiaere,  near  Nottingham  ; 

and  Winston  Grange,  Rotherham. 
18S7.  Everard,  John  Breedon,  6  Millstone  Lane,  Leicester. 
1887.  Everitt,  Xevill  Henry,  Patent  Shaft  Works,  Wednesbury ;   and  Knowle 

Hall,  Warwickshire. 

1881.  Ewen,  Thomas   Buttwell,  Messrs.  Ewen  and  Mitton,  Smithfield  Works, 

rlock  Street,  Birmingham. 

1891.  Bwing,   James    Alfred,    F.R.S.,   Professor    of    Mechanism   and   Applied 

Mechanics,  Engineering  Department,  The  University,  Cambridge;  and 
gdale  Lodge,  Cambri 
1S90.  Exton,  Georgi    Qaskell,   Messrs.   Chubb  and  Bon,    128   Queen  Victoria 
Stra  t,  London,  1 


18G8.  Fairbairn,  Sir  Andrew,  Messrs.  Fairbairn  Naylor  Maopherson  and  Co., 

Wellington  Foundry,  Lee<ls;  and  Askluun  Richard,  York. 
1875.  Farcot,  Jean   Joseph    Leon,    Messrs.    Faroot   and    Sens,    Engine    Works, 

13  Avenue  de  la  I  I         St  Ouen,  France. 
1S80.  Farcot,  Paul,  Messrs.   Faroot  and   Sens,  Engine  Works,  IS  Avenue  do  la 

<  (are,  St.  Ouen,  France. 
1881.  Fanar,  Sidney  Howard,  Messrs.  Howard  Farrax  and  Co.,  Port  Elizabeth, 
ith  Africa;  and  care  of  Messrs  I.  A.  Robinson  and  Co.,  69  Comhill, 

London,  K.C. 
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2.  Faweett,  Thomas  Constantino,  White  House  Engineering  Works,  Leeds. 

[Fawcett,  Leeds."] 

I .  Fearlield,  John  Piggin,  Laco  Machine  "Works,  Staplcford,  near  Nottingham  ; 

and  The  Ferns,  Staplcford,  near  Nottingham.     [Fearfield,  Nottingham.'] 

-.   Featherstone,   "William   Bromley,   1   Princes    Square,   Kennington  Park, 

London,  ST.. 

1882.  1\    oy,  Victor  Isidore,  GO  Qneen  Victoria  Street,  London,  E.C.     [Victor 

»y,  London.] 
1  -To.  Fell,  John  Corry,  1  Queen  Victoria  Street,  London,  E.C. ;  and  Excelsior 

Works,  Old  Street,  London.  E.C. 
1877.   Fenton,  James,  4  Victoria  Road,  Kensington,  London,  "W. 
18G9.  Fenwick,    Clennell,    Victoria    Docks     Engine    "Works,    Victoria    Docks, 

London,  E.     [ChnntlJ,  London.'] 
1870.  Ferguson,  Henry  Tanner,  "Wolleigh,  Bovey  Tracey,  near  Newton  Abbot. 
1881.  Ferguson,  William,  Harbour  Board,  "Wellington,  New  Zealand :  (or  caro  of 

Montgomery  Ferguson,  81  James  Street,  Dublin.) 
1S6G.  Fiddes,     Walter,     Clapton     Villa,     Belgrave     Road,     Tyndall's     Park, 

Bri 
1-07.  Field,    Edward,   Chandos    Chambers,   22   Buckingham  Street,  Adelphi, 

London,  WT.C. 
1888.  Field,   Howard,  Messrs.   John   Bell   and   Sun,   118a   Southwark  Street, 
London,  B.E.  ;  and  Hillcote,  Bucklmrst  Hill,  S.O.,  Essex. 
-.  Fielden,  Joseph  Petrie,  Messrs.  Thomas  Robinson  and  Son,  Railway  Works, 
B  ichdale. 
1-71.   Fielding,     John,     Mes.-rs.     Fielding     and     Piatt,     Atlas     Iron    Works, 
Gloucester.     [Atlas,  Gloucester.] 
L  Finlayson,  Finlay,  M<  Bars.  Biiller  and  Co.,  Vulcan  Foundry,  Coatbridge. 
;.  Firth,  G  Benry,  Messrs.  Richard  JohnsoD  and  Nephew,  Bradford 

Iron  Works,  Manchester. 
J.  Firth,  William,  Water  Lane,  Leeds. 
i---.  1  ph,  Tramway  Construction  Branch,  Public  Works 

Department,  Beresford  Chambers,  Castlereagh  Street,  Sydney,  Now 
B  nth  Walt 
18b'.».  I      ter,  n         Bedwell,  Locomotive  Works,  London  Brighton  and  South 

ray,  Brighton. 
1881.  1     b    .11  ory  Oakden,  Engineer,  Taff  Vale  Bail  way,  Oardiff. 

i  I,  Mauris  Frederick,  Professor  of  Engineering,  Queen's  College, 

B 
I  i  Fenchnrch  Street,  London,  E.C.    [2288.] 

.    '  and  Atlai  Works,  Litohurch,  Derby. 

I  I        ery,  Little  Lever,  Dolt  on  ;  and  The 

i,  B 
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1867.  Fletcher,  Lavington  Evans,  Chief  Engineer,  Manchester  Steam  Users' 
Association,  9  Mount  Street,  Albert  Square,  Manchester.  [Steam  Users', 
Manchester.'] 

1859.  Fogg,  Robert,  11  Queen  Anne's  Gate,  "Westminster,  S.W. 

1887.  Foley,   Xelson,   Engineering    Manager,   Societa    Industriale    Xapolelana 

Hawthom-Guppy,  Naples,  Italy. 
188G.  Folger,  William  Mayhew,  Commander,  United  States  Navy,  Bureau  of 

Ordnance,  Xaval  Department,  "Washington,  D.C.,  United  States. 
1S77.  Forbes,    Daniel    "Walker,    Smithfield    "Works,     Xew     Koad,    Blackball, 

London,  E. 
1S82.  Forbes,  David  Muncur,  Engineer,  H.  M.  Mint,  Bombay. 
1882.  Forbes.   "William    George   Loudon    Stuart,   Superintendent    of    General 

Workshops,  H.  M.  Mint,  Calcutta. 

1888.  Forster,  Alfred  Llewellyn,  Assistant  Engineer,  Newcastle  and  Gateshead 

"Water  "Works,  Xewcastle-on-Tvne. 

1588.  Forster,  Edward  John,  Messrs.  Chance  Brothers  and  Co.,  Glass  Works, 

Spon  Lane,  near  Birmingham. 
18S2.  Forsyth,  Robert  Alexander,  Courtway,  Gold  Tops,  Xcwport, Monmouthshire. 

1889.  Foster,  Ernest  Howard,  Messrs.  Henry  R.  Worthington,  SG  Liberty  Street. 

Xew  York,  United  States. 
18SG.  Foster,  Frederick,  Mi  Bars.   Barnett   and  Foster,  Niagara  "Works,  Eagle 
Wharf  Roail,  Xew  North  Road,  London,  X.     [Drinks,  London.     306.] 

1589.  Foster,   Herbert  Anderton  (Life  Member),  Messrs.  John  Foster  and  Son, 

Black  Dike  Spinning  Mills,  Queensbury,  near  Bradford. 
1888.  Foster,  James,  Lily  Bank,  St.  Andrew's  Drive,  Pollokshields,  Glasgow. 

1884.  Foster,  John  Slater,   Messrs.  Jones   and   Foster,  39  Bloomsbury  Street, 

Birmingham. 
1S82.  Fothergill,   John   Reed,   Superintendent  Marine   Engineer,   1   Bathgate 

Terrace,  West  Hartlepool. 
1S77.  Fuulis,  William,  Engineer,  Glasgow  Corporation  Gas  Works,  42  Virginia 

Street,  Glasgow. 

1885.  Founr. ,    Eeotor   Foster,   French    Chambers,   Queen's    Dock-Side,  Hull 

IVeritas,  UuUr\ 
18GG.  Fowler,  Georgt.  I  Ball,  near  Nottingham. 

1847.  Fowler,  Sir  John,  Bart.,  K.C.M.G.,  2  Queen  Square  Place,  Westminster, 

8.W. 
1885.  Fowler,  William  Henry,  6  Vid  ria  81  tion  Approach,  Manchester ;  and 

The  Poplars,  New  Moston,  i 
ISCt',.  i      .sir  Douglas,  2  Victoria  Mansions,  28  Victoria  Street,  Westminster, 

S.W. 
1875.  Fox,  Samson,  La  I  iFoi     .  Leeds. 
1882.  Fox,  William,  Leeds  Forge,  Let 
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1884.  Frampton,   Edwin,    General    Engine  and    Boiler    Co.,    Hatcham    Iron 
Works,   Pomeroy  Street,   New  Cross   Road,   London,   S.E.     [Oxygen, 
London.  8007.] 
8.  Francken,  William  Augustus,  Public  Works  Department,  India;  care  of 
Messrs.  Grindlay  Groom  and  Co.,  Bombay,  India ;  and  care  of  Messrs. 
Grindlay  and  Co.,  55  Parliament  Street,  London,  S.W. 
5.  Franki.  Janus  Peter,  Bforts  Dock  and  Engineering  Co.,  MortsBay,  Sydney, 
\    a  Bouth  Wales  :  (or  care  of  Messrs.  Goldsbrough  Mort  and  Co.,  149 
Leadenhall  Street,  London,  E.C.) 
L877.  John  Hazell,  110  Cannon  Street,  London,  E.C. 

888.   I':   azel,  Arthur  Benjamin,  93  Liberty  Street,  New  York,  United  States. 
1891.  Frier,  John  Drnmmond,  Veysurpaudi,  Madras,  India. 

William,  Manager,  Carlisle  Steel  and  Engine  Works,  Sheffield;  and 
Barnsley  Boad,  Bheffield. 
1SGG.  Fry,  Albert,  Bristol  Wagon  Works,  Lawrence  Hill,  Bristol. 
1891.  Fnller,  Charles  Frederick,  171  Queen  Victoria  Street,  London,  E.C. 
1884.  Furness,  Edward,  Messrs.  Pontifex  and  Wood,  Shoe  Lane,  London,  E.C. ; 
and  Knollcroft,  Knoll  Road,  Bexley,  S.O.,  Kent. 

p.  Gadd,  William.  Assistant  Locomotive  Carriage  and  Wagon  Superintendent, 
Waterfbrd  and  Limerick  Railway,  Limerick. 

oer,  Ernst,   I.  Fichtegasse  5,  Vienna,  Austria. 
alloway,  Charles   John,   Managing  Director,  Messrs.  Galloways,  Knott 
Mill  Iron  Works,  Manchester.     [Galloicay,  Manchester.'] 
_'.  Galton,  Sir  Douglas,  K.C.B.,  D.C.L.,  F.R.S.,  12  Chester  Street,  Grosvenor 
PI        .   I  .    :    1    !i,  S.W. 

:.  Gangs    Bam,    Lala,    Executive    Engineer,   Public  Works    Department, 
Amritsar,  Punjaub,  India  :  (or  care  of  Messrs.  Thomas  Wilson  and  Co., 
•i  l  Rood  Lai  ■ .  Loi  loo,  E.C.) 
'.  Garrard,  <  barles  Riley,  Abingdon  Works,  Hath  Street,  Birmingham. 
1882.  Gam  Lt,  Prank,  He     s.  B  chard  Garrett  and  Son:-,  Leiston  Works,  Leiston, 
B.s  <».,  Suffolk.    [Garrett,  Leiston.'] 
1        deity  William  Henry,  83  Albert  Terraoe,  Middlesbrough,   [Pyrometer, 

Middh  through.] 
'.  .  •  .  i.       rd  Henry  James,  l  Victoria  Drire,  Mount  Florida,  Glasgow. 
1888.  I  oer,  Leedi  Forge,  Leeds. 

1  iuel,  M<  isrs.  A.  GuiDnese  Son  and  Co.,  St.  James*  Gate 

1  >  iblin.    [(iuuiiK .-.-.  Dublin.] 
GibbyAnd  I  £     Ineer,  Mei  rs.  Rail  and  Gardiner,  MillwaU 

1 1         London,  EL ;  and  80  Bouth  Stn  et,  Greenn  tch,  London,  B.E. 
I.  GHbl  I     Ibnry,    Berkley    Street,    Birmingham.      [Gibbins, 

Birmingham.] 
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18S3.  Gilchrist,  Percy  Carlyle,  F.R.S.  {Life  Member),  Palace  Chambers,  9  Bridge 
Street,  Westminster,  S.W.  [Gilchrist,  London];  and  Frognal  Bank, 
Finchley  New  Road,  Hampstead,  London,  N.W. 

1S56.  Gilkes,  Edgar,  Westholme,  Grange-over-Sands,  via  Carufortb,  Lan- 
cashire. 

1880.  Gill,  Charles,  Messrs.  Young  and  Gill,  Engineering  "Works,  Java;  and 
Java  Lodge,  Beckenham. 

1S89.  Gill,  Frederick  Henry,  20  Bucklersbury,  London,  E.C. 

1S8-L  Gimson,  Arthur  James,  Messrs.  Gimson  and  Co.,  Engine  "Works,  Vulcan 
Street,  Leicester.     [Gimson,  Leicester.     6.] 

1884.  Girdlestone,  John  Ward,  2  Nottingham  Place,  London,  W. 

1S81.  Girdwood,  William  Wallace,  Indestructible  Packing  Works,  9  Lea  Place, 
East  India  Dock  Road,  Poplar,  London,  E. 

1S74.  Gjers,  John,  Messrs.  Gjers  Mills  and  Co.,  Ayresome  Iron  Works, 
Middlesbrough. 

1887.  Gledhill,  Manassah,  Sir  Joseph  Whitworth  and  Co.,  Openshaw,  Manchester. 

1880.  Godfrey,  William  Bernard,  23  St.  Swithin's  Lane,  London,  E.C. 

18S8.  Goff,  John,  Messra  Salt  and  Co.,  The  Brewery,  Burton-on-Trent. 

1882.  Goldsmith,  Alfred  Joseph,  Messrs.  John  Walker  and  Co.,  Union  Foundry 
and  Shipbuilding  Works,  Maryborough,  Queensland :  (or  care  of  Messrs  , 
James  McEwan  and  Co.,  27  Lombard  Street,  London,  E.C.) 

1S79.  Goldsworthy,  Robert  Bruce,  Messrs.  Thomas  Goldsworthy  and  Sons, 
Britannia  Emery  Mills,  Hulme,  Manchester.    [Goldsirorthy,  Manchester.] 

18G7.  Gooch, William  Frederick,Yulcan  Foundry,  Newton-le-Willows,  Lancashire. 

1877.  Goodbody,  Robert,  Messrs.  Goodbody,  Clashawaun  Jute  Factory,  Clara, 
near  Moat'-,  Ireland. 

18C9.  Goodeve,  Thomas  Minchin,  5  Crown  Office  Row,  Temple,  London,  E.C. 

1875.  Goodfellow,  George  Ben,  31  roodfellow  and   Matthews,  Hyde  Iron 

Works,  Hyde,  near  Manchester.     [QoodfeUow,  Hyde.] 

1884.  Goodger,  Walter  William,  Messrs.  George  Fletcher  and  Co.,  Masson  and 

Atlas  Works,  Litehurch,  Derby. 
1S90.  Goodman,  John,  Professor  of  Engine*  ring,  Yorkshire  College,  Leeds. 

1885.  Goodwin,  Arnold,  Jun.,  5G  Sumner  Street,  Sonthwark,  London,  S.E. 
1889.  Goold,   William   Tom,  39   Queen   Victoria  Street,   London,  E.C;    and 

L8  The  Hawthorns,  Finchley,  London,  X. 
1865.  Goran       ,  Goi       Fredrick, Sa  dvik  Iron  Work  Sweden:  (or 

care  of  James  Bird,  118  Cannon  Street,  London,  E  l 
1887.  G   rd  n,  Alexander,  N  '  J  Tool  Works,  and  M<  Ion  and  Maxwell, 

Hamilton.  Ohio,  0    ted  SI 
1  -75.  Gordon,  llohert,  <!  Pilmonr  P        .  St  Andrews. 
L888.  Gore,  Arthur    Banndei  ,  She]  M  tal    Works,    Sherborne    Street. 

Birmingham. 
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~_).  Gorman,  William  Augustus,  Messrs.  Siebe  and  Gorman,  187  "Westminster 

Bridge  Road,  London,  S.E.     [Siebe,  Londo7i.] 
1880.  Gotteohalk,  Alexandre,  13  Rue  Auber,  Paris. 

1877.  Goulty,  Wallis  Rivera,  Messrs.  Wkeatley  Kirk,  Price,  and  Goulty,  Albert 

Chambers,  Albert  Square,  Manchester.     {Indicator,  Manchester.] 

1887.  Gonrlay,  Char]  horn,  Messrs.  Gonrlay  Brothers  and  Co.,  Dundee 

Foundry,  Dundee. 
'.  Grace,    Robert    William,     Messrs.    "Washburn    and    Moen,    Worcester, 
Massachusetts,  United  States. 

1878.  Grafton,  Alexander,  Vulcan  "Works,  Bedford.     [Grafton,  Bedford.'] 

1.  Gray,  George  Macfarlane  (Life  Member),  Imperial  Chinese  Customs,  Hong 
Kong.  China. 
1S65.  Gray,  John  Macfarlane,  Chief  Examiner  of  Engineers,  Marine  Department, 
Board  of  Trade,  St.  Katharine  Dock  House,  Tower  Hill,  London,  E.  ; 
and  1  Claremont  Boad,  Forest  Gate,  London,  E.     [Yarg,  London.] 
1S7G.  Gray,  John  "William,  Engineer,  Corporation  Water  Works,  Broad  Street, 
Birmingham. 
Gray,  Thomas  Lowe,   Lloyd's   Register,  2  White   Lion   Court,  Cornhill, 
London,  E.C. ;   and  Ttokesley  House,  St.  Michael's  Itoad,  Stockwell, 
London,  S.W. 
'.  Greathead,    James    Henry,    S    Victoria    Chambers,  15   Victoria    Street, 

Westminster,  S.W. 
1.  Green,  Sir  Edward,  Bart.,  M.P.,   Messrs.  E.  Green  and   Son,   Phoenix 
Works,  Wakefield. 

1888.  Green,  Henry  Joseph   Kersting,  Engineer,  Bishnauth  Tea  Co.,  Charalli 

Post  Office,  Assam,  Bengal. 
1871.  '  r,  John  Henry,  L5  Walbrook,  London,  E.C. 

William  Alfred,  88  Bishopsgate  Street  Within,  London,  E.C. 
reenwood,    Arthur,    Mi        .   Greenwood    and    Batley,    Albion   Works, 
I.'    da. 

ITOOd,  William  Henry,  Birmingham    Small    Arms   and    Metal   Co., 
Add  rley  Park  Works,  Birmingham. 

David,    Messrs.    John    Fowler    and    Co.,    Steam    Plough    and 
l .  •  .  I  ■ 

I         •  St  i         Butleigh  Court,  Glastonbury. 
188°.  fames,  Messrs.  <       bam  and  Craven,  Craven    Cron   Work.-. 

I  Iford,  Manchester.    [Brake,  Manchester.] 

of  P.  W.  Grew,  Victoria  [ron  Works,  Bowerby 
B 

D  i!  >  \.  .v  Broad  Street,  London,  E.C. 

'  E.,   M  Griffiths  and  Wills,  Merchants'  Bzchs 

'      W/0 
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1S73.  Griffiths,  John  Alfred,  Charters  Towers,  Queensland. 

1889.  Grimshaw,   James    Walter,   Resident    Engineer,   Harbours    and    Rivers 

Department,  Sydney,  New  South  "Wales  ;  and  Australian  Club,  Sydney, 

New  South  "Wales. 
1891.  Groom,  Richard  Alfred,  Shropshire  Works,  "Wellington,  Salop. 
1879.  Grose,    Arthur,    Messrs.    Grose    Norman    and    Co.,    Reliance    Works, 

Northampton. 
1886.  Grove,  David,  24  Friedrich  Strasse,  Berlin. 
1870.  Guilford,  Francis  Leaver,  Messrs.  G.  R.  Cowen   and    Co.,  Beck  Works, 

Brook  Street,  Nottingham.   [Coin sn,  Nottingham.     S7.] 

1883.  Guinotte,  Lucien,  Mariemont  and  Bascoup  Collieries,  Mariemont,  Belgium. 

1884.  Gullnnd,  James  Ker,  Diamond  Drill  Co.,  8  Victoria  Street,  Westminster, 

S.W.     [Guttand,  London.'] 
1886.  Guy,  Charles  Williams,  Laurel  Bank,  Pcnge,  London,  S.E. 
1870.  Gwynne,  James  Eglinton  Anderson  {Life  Member),  Essex  Street  Works, 

Strand,  London,  W.C.     [Gioynnegram,  London.'} 
1870.  Gwynne,  John,  Hammersmith  Iron  Works,  Hammersmith,  London,  W.  ; 

and  S9  Cannon  Street,  London,  E.C. 


18S8.  Hadfield.  Robert  Abbott,  Hecla  Foundry  Steel  Works,  Sheffield.    [ILadfield, 

Sheffield.] 
1884.  Hall,  Albert  Francis,  George  F.  Blake  Manufacturing  Co.,  Ill  Federal 

Street,      Boston;      and      3      Cordis     Street,     Charlestown,     Boston, 

Massachusetts,  L'nited  States. 

1879.  Hall.  John  Francis,  Norbnry,  Pittsmoor,  Sheffield. 

1881.  Hall,  John   Percy,   Managing  Director,   Messrs.  John    Penn  and   Sons. 

■nwich,  London,  S.E. 

1882.  Hall,  John  Willim,  Ivy  House,  Bilston. 

1890.  Hall,  Oscar  Btandring,  M   -nrs.  Robert  Hall  and  Sons,  Hope  Foundry,  Bury. 
1871.  Hall,  Thomas  Bernard,  119  Colmorc  Row,  Birmingham;  and  Ingleeide, 

Bandoo  Road,  E  n,  Birmingham. 

1871.  Hall,  William  Silver,  Messrs.  Takata  and   CoM  Ginza  San  Chome  is 

Banohi,  Tokio,  Japan  ;  and  88  Bishopsgate  street  Within,  London,  E.C. 
1889.  Hall-Brown,  El  Thomas  Richardson  and  Sons,  Hartlepool 

Engine  Works,  Hartlep 

1880.  Hallett, John  Harry,  115 But    D    '    .Cardiff.    [Consulting,  Cardiff.] 
1871.  Halpin,  Druitt.  9  Victoria  Chambers,  17  Victoria  Street,  Westmini 

S.W.    [Halpin,  L  f  Victoria  Chambers  Co.] 

1875.  Hammond,      Walter      John,      Resident      Engineer     and      Locomotive 
Superintendent,    Panlista    Railway,   Jnndiaby,   Sao    Paulo,    Brazil 
(or  care  of  Messrs.  I.'  wit  and  Upland,  New  Rents.  Ashford,  Kent.) 


XXXV111  3IE.Mr.ERS.  1891. 

1886.  Hanbury,  John  James,  Resident  Engineer  and  Locomotive  Superintendent, 

Metropolitan  Railway,  Neasden,  London,  N.W. 
1870.  Hannah,  Joseph  Edward,  Water  Works,  Winnipeg,  Manitoba,  Canada. 

1888.   Barada,   Torazo,  Superintending  Engineer,   Osaka  Shipping  Co.,  Osaka, 

Japan. 
L891.  Harcourt,  Otto  Simon  Henry,  Clarence  Iron  Works,  Leeds. 

i   Harding,  Thomas  Walter,  Tower  Works,  Leeds. 
1ST  I.  lhirdinu',   William    Bishop,   Ixker.   Rakosutcza   5  ik.   sz.,   lso.   Emelet, 

Budapest,  Hungary. 
1881.  Hardingham,  George  Gatton  Melhuish,  191  Fleet  Street,  London,  E.C. 

[Hardingham,  London."] 

1883.  Hardy,  John  George,  13  ltiemergasse,  Stadt,  Vienna. 

.'.  Harfield,  William   Horatio,  Mansion   House    Buildings,   Queen    Victoria 
Street,  London,  E.C. 

1887.  II  •  ltichard,  Messrs.  B.  Donkin  and  Co.,  Southwark  Park  Road, 

Bermondsey,  London,  S.K. 

1887.  H  a,  John  Henry,  Messrs.  Hick   Hargrcaves  and  Co.,  Soho  Iron 

Works,  Crook  Street,  Bolton. 

1884.  Harker,  Harold    Hayes,    Locomotive    Superintendent,    Minas    and    Rio 

l;   i]  ray,  Cruzeiro,  Rio  de  Janeiro,  Brazil :  (or  care  of  Jesse  T.  Curtis, 
Hill  Street,  Poole.) 

1885.  Harker,  William,   Messrs.  Richard  Schram  and  Co.,  17a  Great  George 

Si       '.  Westminster,  S.W. 

1888.  Harland,  Sir  Edward  James,  Bart.,  M.P.,  Messrs.  Harland    and   Wolff, 

];  L&sf ;  Glenarm  Castle,  County  Antrim;  and  Baroda  House,  Kensington 
Palace  Gardens,  London,  W. 
•nan,  Ihirry  Jones,  30  Gaisford  Street,  Kentish  Town,  Condon,  N.W. 
:.  Hani.-,  Gordon,  Messrs.    MerryweathSr  and  Sons,  Fire-Engine  Works, 
Greenwich  Road,  London,  s.K. 
1879.  Harris,  Henry  Graham,  Messrs.  Bramwell  and   Harris,  5  Great  George 

S.W. 
188.".  II  '        ll'  nry,  Worthington  Pumping  Engine  Co.,  158  Queen  Victoria 

•.  London,  E.C.    [Tuneharp,  London."] 
t,  Harris,  Richard  Henry,  68  Queen  Victoria  Street,  London,  B.O.;  and  Oak 
Hdl,  Burbil  ■  .  I:  0.,  near  Kingston-on-Thami 

.  William  Wallington,  Bli     i  ■  A.  M.  Perkini  and  Son,  6  Beaford 
•  .  London, W.O. ; and  24  Alexandra  Villas, Hornsey 

i  H  ury,   Lincoln   Malleable    [ron    Works,    Lincoln. 

Heable,  Lincoln.'] 
i  — .  ii  i  I f ill  Bast  Dulu ich,  London,  B  BS. 

1 1 1.  \.\'  atenant  R.E.,  A      tanl   [nspi  ot  s  of  Gun 
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1385.  Harrison,   Joseph,  Eoyal  College   of   Science,    Exhibition  Read,   South 

Kensington,  London,  S.W. 
1891.  Harrison,  Joseph  Hutchinson,  York  House,  Malvern  Link,  Malvern. 
1"887.  Harrison,  Thomas  Henry,  Messrs.  Davey  Paxman  and  Co.,  139  Queen 

Victoria  Street,  London,  E.C. ;  and  22  Granville  Villas,  Earlsfield  Road, 

Wandsworth,  London,  S.W. 

1890.  Harrison,  William  Robert,  Manager,  Hull  Cart  and  "Wagon  Co.,  Newington 

Iron  Works,  Hull. 
1883.  Hart,  Frederick,  36  Prospect  Street,   Poughkeepsie,  New  York,  United 

States:    (or  care   of  A.  Pye-Smith,  Messrs.   Samuel   Osborn  and  Co., 

2  Victoria  Mansions,  28  Victoria  Street,  Westminster,  B.W.) 
1882.  Hart,  Norman,  London  Chatham  and  Dover  Railway,  Locomotive  (Marine) 

Department,  Dover. 
1S72.  Hartnell,  Wilson,  Benson's  Buildings,  Park  Row,  Leeds. 

1882.  Harvey,  Charles  Randolph,  Messrs.  G.  and  A.  Harvey,  Albion  Machine 

W<  rks,  Govan,  near  Glasgow. 
1886.  Harvey,  John  Boyd,  The  Liverpool  Nitrate  Co.,  Oficina  Ramirez,  Iquique, 
Chile  :  (or  care  of  Robert  Harvey,  1  Palace  Gate,  London,  W.) 

1883.  Harvey,  Robert,  1  Palace  Gate,  London,  W. 
1878.  Harwood,  Robert,  Soho  Iron  Works,  Bolton. 

1881.  Haslam,  Sir  Alfred  Seale,  Union  Foundry,  Derby.     [Zero,  Berhy.'] 

1885.  Hatton,   Robert    James,   Henley's   Telegraph  Works,  North   Woolwich, 

London,  E. 
1857.  Haughton,  S.  Wilfred  {Life  NcmLer),  Grecnbank,  Carlow,  Ireland. 
1S78.  Haughton,    Thomas,    110    Cannon     Street,    London,    E.C.      [IIaugltn<>t, 

Lnn<lon.~\ 
1885.  Haughton,   Thomas   James,  Waterside,    Ferry  Road,  Teddington,  S.O., 

Middlesex. 
1861.  Hawkins,  William  Bailey,  39  Lombard  Street,  London,  E.C. 
1870.  Hawksley,  Charles,  30  Great  George  Street,  We.-tminster,  S.W. 

1891.  Hawksley,  George  William,  Brightside  Boiler  and  Engine  Works,  Savile 

Street  East,  Sheffield.    [Hatokdey,  Sheffield.    337.] 
1856.  Hawksley,  Thomas,  F.R.S.,  30  Great  George  Street,  Westminster,  S.W. 
1873.  Hay,  James  A.  C,  Superintending  Engineer  and  Constructor  of  Shipping 

to  the  War  Department,  Royal  Arsenal,  Woolwich. 

1882.  Hayes,     Edward,    Watling    Works,    Stony    Stratford.      [floyeg,    Stow/ 

Stratford.'] 

1879.  Hayes,   John,   M< mm.   Francis  Morton  and  Co.,  Hamilton  Iron  Work-. 

( I  iriton,  Liverpool. 

1880.  Havtcr,  Harrison,  33  Great  George  Street,  Westminster,  S.W. 
1885.  Head,  Archibald  Potter,  Queen's  Square,  MiddN  through. 

1888.  Head,  Harold  Elkrshaw,  24  Auriol  Road,  Weal  Ki  nsiugton,  London   W. 
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1SG9.  Head,  Jeremiah,  Queen's  Square,  Middlesbrough  [Head,  Middlesbrough.']; 

and  2t3  Lombard  Street,  London,  E.C. 
1873.  Headly,  Lawrence,  Exchange  Iron  Foundry  and  Implement  Works,  Corn 

Exchange  Street,  Cambridge;   and  Yorkc  House,   Newmarket  Koad? 

Cambridge.    [Vanes,  Cambridge."] 
1857.  Healey,  Edward  Charles,  1G3  Strand,  London,  W.C. 
L890.  Heap,   Bay   Douglas   Theodore,  Messrs.  Crompton   and  Co.,  4   Mansion 

House  Buildings,  Queen  Victoria  Street,  London,  E.C. ;  and  35  Addison 

Carditis,  Kensington,  London,  W. 
1872.  Heap,  "William,  9  Rumford  Place,  Liverpool.     [Metal,  Liverpool.     809.] 
'.  Heath,   George  "Wilson,  Messrs.   Heath    and    Co.,  Observatory  Works, 

I     .vford,  Kent. 
1S8S.  Heatly,   Harry,   30  Strand,  Calcutta,  India. 
1-7.").  Heenan,    Richard  Hammersley,    Messrs.   Heenan   and   Froude,    Newton 

Heath  Iron  Works,  near  Manchester ;  and  The  Manor  House,  Wilinslow, 

near  Manchester.     [Spherical,  Newton  Heath.] 
1S79.  Hele-Shaw,  Henry  Selby,  Professor  of  Engineering,  University  College,. 

Liverpool. 
18G9.  Henderson,  David  Marr,  Engineer-in-Chief,  Imperial  Maritime  Customs 

Service  of  China,  Shanghai,  China. 
1883.  Henderson,  John  Baillie,  Engineer  to  the  Queensland  Government,  Water 

Supply  Department,  Brisbane,  Queensland. 
1891.  Hi  oderson,  Thomas,  G  and  8  Trueman  Street,  Liverpool. 
1883.  Henderson,  William,  Perth  Road,  Stanley,  R.S.O.,  Perthshire. 
1878.  Hi  Richard,  Messrs.  Donald    Henesey  and  Couper,   Ripon    Iron 

Works,  Frere  Road,  Bombay;  and  3  Beckett  Terrace,  Uxbridge. 
1888.  H'-nning,  Gustavus  Cbarles,  726  Temple  Court,  5  Beekman  Street,  New 

York,  United  States. 
1  879.  Henriqnes,  Cecil  Quixam,  113  Cannon  Street,  London,  E.C. 
1875.  Hepburn,    l  Bedcross    Chambers,    Bedcross    Street,    Liverpool. 

//■  pourn,  TAvi  rpodL] 
1891.  Hepburn,  Thomas,  Chief  Engineer,  Gunpowder  Factory,  Kirkee,  Poena, 

India. 

]  -7-:.  Beppt  11,  Thomas,  Mining  Engineer,  Ouston  Collieries,  Chester-le»8tre<  t. 

]  -- !.  Hernu,  Arthur  Henry,  69  Victoria  Street,  Westminsti  r,  S.W. 

1--1.  g  ..-w  Wilson,  Assistant   Engineer,  West  Middlesex  Water 

Works,  Hammersmith,  London,  W. 
Igjo,  B    ketb,  Everard  J.  and  E.  Hall,  Iron  Works,  Dartfbrd.    [Heeketh, 

I  -:j    B  I !  Manor,  Warwick. 

]--7    ii    | .  •   I  Hibbert'i  Works,  Bank  Bead,  Gateshead. 

1871,  B  Hall,  Whalley,  aear  Blackburn. 
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1885.  Hicken,  Thomas,  care  of  Messrs.  Alexander  Shanks,  Hijos  and  Co., 
41G  Calle  Alsina,  Buenos  Aires,  Argentine  Republic  :  (or  care  of  John 
Hicken,  Bourton,  near  Rugby.) 

1861.  Hide,  Thomas  Comings,  4  Cullum  Street,  Fenchurch  Street,  London,  E.C. 

1879.  Higson,  Jacob,  Mining  Engineer,  Crown  Buildings,  18  Booth  Street, 
Manchester. 

1889.  Hill,  Arthur   Ripley,  Messrs.  Hill  Brothers,  Nevins  Foundry,  Hunslet, 

Leeds. 

1885.  Hill,  Robert  Anderson,  Royal  Mint,  Little  Tower  Hill,  London,  E. 

1890.  Hiller,  Edward   George,  Chief  Engineer,  National  Boiler  Insurance  Co., 

22  St.  Ann's  Square,  Manchester. 
18S2.  Hiller,   Henry,   Consulting   Engineer,   National    Boiler    Insurance    Co., 

22    St.    Ann's    Square,    Manchester;    and  Athelney,   Stanley  Road, 

Alexandra  Park,  Manchester. 
1873.  Hilton,  Franklin,  General  "Works  Manager,  Messrs.  Bolckow  Vaughan  and 

Co.,  Iron  Works,  Middlesbrough  ;  and  South  Bank,  R.S.O.,  Yorkshire. 
1887.  Hindson,  "William,  Messrs.  J.  Abbot  and  Co.,  Park  Works,  Gateshead. 

1891.  Hodge,  Arthur,  Trewirgie,  Redruth. 

1891.  Hodges,  Frank  Grattidge,  Carriage  and  Wagon  Works,  Midland  Railway, 

Derby. 
1870.  Hodges,  Petronius,  142  Burngreave  Road,  Sheffield. 
1S80.  Hodgson,  Charles,  Messrs.  Saxby  and  Farmer,  Railway  Signal   Works, 

Canterbury  Road,  Kilburn,  London,  N.W. 
1889.  Hodgson,  George  Herbert,  Thornton  Road,  Bradford. 
1891.  Hogarth,  Thomas  Oswald,  Great  Western  Railway  Works,  Swindon. 
1889.  Hoggins,    Alfred    Farquharson,    Messrs.    Henry     De    Jersey    and    Co., 

1  Tokenhouse  Buildings,  Bank  of  England,  London,  E.I 
1866.  Holcroft,  Thomas,  Bilston  Foundry,  Bilston. 
1S86.  Holden,  James,   Locomotive    Superintendent,    Great    Eastern    Railway, 

Stratford  Works,  London,  E. 

1884.  Holland,  Calvert  Bernard,  Geueral  Manager,  Ebbw  Vale  Steel  Iron  and 

1  Works,  Ebbw  Vale,  R.S.O.,  Monmouthshire. 

1886.  Hollis,  Charles  William,  Messrs.  Ketton  and  Hollis,  Meadow  Tool  Works, 

Mayfield  Grove.  Nottingham. 

1885.  Hollis,  Henry  William,  Thonmlle  II   088,  Darlington. 

1891.  Bobnan,  Hugh  Wilson,  M<  Mta  E.J.Caig<  r  and  G-..77  IJilliter  Buildings, 
Billiter  Btn    \  I .   \      :..  B.C.        '    '    :  r,  /.       '•//.] 

1883.  Holroyd,  John,  Tomlinson  Street,  Holme, Manchester.    \Knit% Manchettcr.'] 

1885.  Holroyd,  John    Herbert,  West's    Patent   Press  Company,   Etawah,   N.W. 

Proviii'  •  -.  India. 
1863.  Holt,  Fran'-  -.  I        .aiotivc  Department,  Midland  Railway,  Derby. 
1873.  Holt,  Henry  Percy,  The  Cedars,  Didsbury,  Mam-las:,  r. 
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0.  Holt,  Robert,  Lecturer  in  Engineering,  Walker  Engineering  Laboratories, 

Brownlow  Hill,  Liverpool. 
1890.  Holt,  William  Procter,  Messrs.  Beyer  Peacock  and  Co.,  Gorton  Foundry, 

Manchester. 
1888.  Homan,   Harold,    Messrs.    Homan    and  Rodgers,    10    Marsden    Street, 

Manchester.    [Namoh,  Manchester.    G37.] 
1867.  H  mar,    Charles    Janus,    Mining    Engineer,    Ivy    House,    Stoke-upon- 

Trent 
1890.  Hooker,  Benjamin,  Pear  Tree  Court,  Farringdon  Road,  London,  E.C. 
1883.  Hooton,  William,  Continental  Lace-Machine  Works,  Great  Eastern  Street, 

Nottingham. 
1SG6.  Hopkins,    John   Satehell,  Jesmond    Grove,    Highfield    Road,  Edgbaston, 

Birmingham. 
1885.  Hopkinson,  Charles,  Werneth  Chambers,  29  Princess  Street,  Manchester. 
185G.  Hopkinson,     John,    Inglewood,    St.     Margaret's    Road,    Bowdon,    near 

Altrincham. 
1  -74.  Hopkinson,  John,  Jun.,  D.Sc,  F.R.S.,  Messrs.  Chance  Brothers  and  Co., 

Lighthouse  Works,  near  Birmingham ;    and  3  Westminster  Chambers, 

5  Victoria  Street,  Westminster,  B.W.    [3092.] 
1-77.  Hopkinson,  Joseph,  Messrs.  Joseph  Hopkinson  and  Co.,  Britannia  Works, 

Huddersih-ld. 

r,  Allan,  Messrs.  William  Hopper  and  Co.,  Moscow,  Russia. 

1890.  Hopper,   James    Russell,  Messrs.  William    Hopper   and    Co.,    Moscow, 

Russia. 
L889.  Hopwood,  John,  Locomotive  Superintendent,  Argentine   Great  Western 

B  tilwny,  Mendoza,  Argentine  Republic 
'.  Horosby,  James,  Messrs.   Richard  Hornsby  and  Sons,  Spittlegate  Iron 

Works,  Grantham.    [Horrubys,  Qramtham.'] 
1889.  Horsfield,    Cooper,   Messrs.    Holroyd    Horsfield    and  Wilson,  Larchfield 

I  ondry,  Hunsli  t.  Road,  Lei 

1891.  Horsfield,   Ralph,   Messrs.   Kirk  and  Horsfield,  Chapel-en-le-Fritb,  near 

ckport 
1878,  H  larles,  22  Wharf  Road,  City  Road,  London,  X. 

.  Enoch,  Alma  Works,  Darlaston,  near  Wednesbury. 
1871.  Horfton,  George,  I  Cedars  Boad,  Clapbam  Common,  London,  B.W. 

;  John  Howell,  Locomotive  and  Hydraulic  Superintendent,  Barry 

I I  ok  and  Railways,  Barry,  near  Cardiff 

!    omai  Hopkin,  26  Brunswick  Street,  Sum: 
i  rem  Tunnel  Works,  Budbrook,  near  Chepstow. 

I-::;   if  ihard,  8  Norfolk  Btreet,  Sheffield. 

188*.  I!  I         I   •'•   Hotking,  Dookhead  Iron  Works, 

B     .  i:    ■  .  .  London,  S.I-;. 
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1866.  Houghton,    John    Campbell     Arthur,     Woodside     Iron     Works,     near 

Dudley. 
1889.  Houghton,  Thomas  Harry,  "Water  "Works,  Crown  Street,  Sydney,  New 

South  Wales  :  (or  care  of  Messrs.  James  Simpson  and  Co.,  101  Grosvenor 

Road,  Pimlico,  London,  S.W.) 
1887.  Houghton-Brown,  Ernest,  Messrs.  Houghton-Brown  Brothers,  Kingsbury 

Iron  "Works,  Ballspond,  London,  N. 
1891.  How,   "William  Field,   Mutual   Life  Buildings,   George    Street,  Sydney, 

New  South  Wales.     [Alaska,  Sydney.'] 
1864.  Howard,  Eliot,  Messrs.  Hayward  Tyler  and   Co.,  84  Upper  Whitecross 

Street,  London,  E.C. 
1879.  Howard,  James  Harold,  Britannia  Iron  Works,  Bedford  ;  and  Kempston 

Grange,  Bedford. 
1882.  Howard,  John  William,  78  Queen  Victoria  Street,  London,  E.C. 
1885.  Howarth,  William,  Manager,  Oldham  Boiler  Works,  Oldham.     [Boilers, 

Oldham.'] 
1S61.  Howell,  Joseph  Bennett,  Messrs.  Howell  and  Co.,  Brook  Steel  Works, 

Brookhill,  Sheffield.     [Hoicell,  Sheffield.] 
1877.  Howell,  Samuel  Earnshaw,  Messrs.  Howell  and  Co.,  Brook  Steel  Works, 

Brookhill,  Sheffield.     [Hoicell,  Sheffield.] 
1882.  Howl,  Edmund,  Messrs.  Lee  Howl  and  Co,  Tipton.     [Hoicl,  Tipton.] 
1877.  Howlett,  Francis,  Messrs.  Henry  Clayton  Son  and  Howlett,  Atlas  Works, 

Woodfield  Road,  Harrow  Road,  London,  W.     [Briclcpress,  London.] 
1891.  Hoy,    Henry    Albert,    Locomotive    Works,    Lancashire     and    Yorkshire 

Railway,  Horwich,  near  Bolton. 
1884.  Hoyle,  Fnmk  Edward,  care  of  E.  Irving,  14  Bryanstone  Road,  St.  Michaels 

Liverpool. 
1887.  Hoyle,  James  Rossiter,  Messrs.  Thomas  Firth  and  Sons,  Norfolk  Work.-, 

Sheffield. 
1891.  Ilubback,  Charles  Arbuthnot,  9  Church  Crescent,  St.  Albans. 
1882.  Hudson,  John  George,  Messrs.  Hick  Hargra  avefl  and  Co.,  Soho  Iron  Works, 

Crook  Street,  Bolton  ;  and  Glenholme,  Bromley  Cross,  Bolton. 
1884.  Hudson,  Robert,  Gildersome   Foundry,  near   Leeds   [Gildersome,  Leeds 

14.];    and  Weetwood  Mount,  Headingley,  near  Leeds.     [454.] 
1881.  Hughes,      Edward     William     Mackenzie,      Locomotive     and      Carriage 

Superintendent,    East   Coast    State    Railway,    Waltair,    Vizagapatam, 

Madras  Presidency,  India:  (or  Ericstane,  I II  asbnrgh.) 
1867.  Hughes,  George  Duuglas,  Queen's  Foundry,  London  Road,  Nottingham. 
1889.  Hughes,  John,  Messrs.  Hughes  and  Lancaster,  City  Road,  Chester. 
1871  •  Hughes,  Joseph,  Kingston.  Wart  ham. 
1891.  Hughes,    Robert    ML,    Engineering     Department,    University    Coll 

Livi  t\"  ol. 
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1888.  Ilulse,  Joseph  Whitworth,  Messrs.   Ilulse  and  Co.,  Ordsal  Tool  Works, 

Regent  Bridge,  Salford,  Manchester.    [£Mua,  Manchester.] 
1861  Ilulse,  William  Wilson,   Ordsal   Tool  Works,   Regent  Bridge,  Salford, 

Manchester.    [j&IuA,  Manchester.']  * 
1890.  Humphries,  Edward  Thomas,  Messrs.  Edward  Humphries  and  Co.,  Atlas 

Iron  Works.  Pershore. 
16.  Humphrys,  Robert  Harry,  Messrs.  Humphrys  Tcnnant  and  Co.,  Deptford 

Pier,  London,  S.E. 
1882.  Hunt,    Reuben,    Aire    and    Calder  Chemical  Works,   Castleford,    near 

Normauton. 
]>x.">.  Hunt,  Richard,  Messrs.  Thomas  Hunt  and  Sons,  Albion  Iron  Works,  132 

Bridge  Road  West,  Battersea,  London,  S.W. 
1856.  Hunt,  Thomas,  Fgerton  Mount,  Heaton  Chapel,  R.O.,  Stockport. 
1874.  Hunt,  William,  Alkali  Works,  Lea  Brook,  Wednesbury ;  Hampton  House, 

Wednesbury ;  and  Aire  and  Calder  Chemical  Works,  Castleford,  near 

Xormanton. 
Hunter,  Charles  Lafayette,  Engineer,  Bute  Docks,  Cardiff. 
.  Hunter,  John,  Messrs.  Campbells  and  Hunter,  Dolphin  Foundry,  Saynor 

Road,  Hunslet,  Leeds. 
1  v77.  Hunter,  Walter,  Messrs.  Hunter  and  English,  High  Street,  Bow,  London,  E. 

[Venator,  London.] 
1  388.  Huxlej,  George,  20  Mount  Street,  Manchester. 

1  385.  Hyland,  John  Frank,  Railway  Contractor,  Sao  Carlos  do  Pinhal,  Estado  de 
Paolo,  Brazil:  (or  care  of  Messrs.  Lewis  and  Hylaml,  New  Rents, 

Aahford,  Kent.) 

1  ^77.  Irnr.ty,   John,   Messrs.    Abel    and    Imray,    20    Southampton    Buildings, 

London,  W.C. 
1882.  Ingham,  William,  Assistant    Engineer,  National    Boiler  Insurance  Co., 

22  St.  Ann's  Square,  Manchester. 
1888.  Ingleby,  Joseph,  -!'»  Mount  Street,  Manchester. 

-'.  Inman,  Charles  Arthur,  Messrs.  Clay  Inman  and  Co.,  Birkenhead  Forge, 

J;  lufbrt  Road,  Birkenhead. 
:.  [nstone,  Thomas,  22  In  sdenhsll  Buildings,  rinftdmihnll  Street,  London,  E.G. 
■    I.  vine,  William  Charles,  Messrs.  Irvine  and  Co.,  Harbour  Dockyard,  West 
Hartlepool. 
1887.  I    ••,  II  nrj   Alfred,  Looomotire  Engineer,  Great  Southern  anil  Western 

Railway,  Enohioore  Works,  near  Dublin. 

1887.  l\  nel  Edward,  n  Henao  to.  Vz.,  Bilbao,  Spain. 

William  Moseley,  Patent  Shaft  Works,  Wednesbury;  and 
dgrei  n,  Wednesbury. 
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1S59.  Jackson,  Matthew  Murray,  47  Xorton  Road,  West  Brighton,  Brighton;  and 
care  of  Messrs.  Howard  and  Pitcairn,  155  Fenchurch  Street,  London,  E.C. 

1847.  Jackson,  Peter  Rothwell,  Salford  Rolling  Mills,  Manchester ;  and 
Blackbrooke,  Pontrilas,  R.S.O.,  Herefordshire.     [Jacl;so7is,  Mancliester.'] 

1873.  Jackson,  Samuel,  C.I.E.,  care  of  E.  Jackson,  Beltwood,  Rannioor, 
Sheffield. 

1886.  Jackson,  Thomas,  131  Hyde  Park  Road,  Headingley,  Leeds. 

1889.  Jackson,  William,  Thorn  Grove,  Mannofield,  Aberdeen. 

1872.  Jackson,  William  Francis,  Sterndale  House,  Litton,  near  Stockport. 

1876.  Jacobs,  Charles  Mattathias,  S8  Bishopsgate  Street  Within,  London,  E.C. 

[Vezillum,  London.] 

1878.  Jakeman,  Christopher  John  Wallace,  Manager,  Messrs.  Merryweather  and 

Sons,  Tram  Locomotive  Works,  Greenwich  Road,  London,  S.E. 
1889.  James,  Charles  William,  Xew  York  Oxygen  Co.,  80  Broadway,  New  York, 

United  States. 
1S77.  James,  Christopher,  4  Alexandra  Road,  Clifton,  Bristol. 

1877.  James,  John  William  Henry,  2  Victoria  Mansions,  28  Victoria  Street, 

Westminster,  S.W. 
1889.  James,  Reginald  William,  1  Queen  Victoria  Street,  London,  E.C. 

1879.  Jameson,  George,  Glencormac,  Bray,  Ireland. 

1881.  Jameson,  John,  Messrs.  Jameson  and  Schaeffer,  Akenside  Hill,  Xewcastle- 

on-Tyne.     [Jameson,  Xewcastle-on-Tyne.     226.] 
1888.  Jaques,  Lieut.  William  Henry,  Secretary  to  Ordnance  Committee,  United. 

Stiites;  and  Bethlehem  Iron  Works,  Bethlehem,  Pa.,  United  States. 

1888.  Jeejeebhoy,  Piroshaw  Bomanjee,  17  Church  Street,  Bombay,  India. 

1880.  Jefferies,  John   Robert,   Messrs.  Ransomes    Sims   and    Jefferies,    Orwell 

Works,  Ipswich. 

1881.  Jefferiss,    Thomas,    Messrs.     Tangyes,    Cornwall     Works,     Soho,    near 

Birmingham.    [Tangyes,  Birmingham.'] 

1877.  Jeffreys,  Edward  Homer,  Hawkhills,  Chapel  Allcrton,  Leeds. 

1884.  Jenkins,  Alfred,  Wharnoliffe,  Victoria  Road,  Penarth. 

1880.  Jenkins,  Rhys,  Patent  Office,  25  Southampton  Buildings,  London,  W.C. 

1878.  Jensen,  Peter,  77  Chancery  Lane,  London,  W.C.     [Venture,   London.'} 

1889.  Jessop,  George,  London  and  Leicester  Steam-Crane  and  Engine  Works, 

Leicester. 
1886.  Jewell,     Henry     William,    Messrs.    Jewell    and     Son,    City     Foundry, 

Winchester. 
1863.  Johnson,  Bryan,  Hydraulic  Engineering  Works,  Chester;  and  9    (Jppei 

Northgate  Street,  Chester. 

1882.  Johnson,  Charles  Malcolm,  II. M.S.  u  Eibernia,"  Malta, 

1885.  Johnson,. John  (  lark.  ■,  Messrs.  James  Russell  and  Sons,  Grown  Tube  Works, 

Wednesborj. 
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'.  Johnson,  John  William,  care  of  Baron  Knoop,  Grande  Loubianka,  Moscow, 

Iviis-ia. 
1.  Johnson,   Laoey   Robert,   Master  Mechanic,  Tacific  Division,   Canadiam 

:;e  Railway,  Vancouver,  British  Columbia. 
38.  Johnson,  Lawrence  Potter,  Assistant  Locomotive  Superintendent,  Burma 
State  Railway,  Insein,  British  Burma. 
L882.  Johnson,  Samuel,  Manager,  Globe  Cotton  and  Woollen  Machine  Works, 

Rochdale. 
lxx7.  Johnson,  Bamnel  Henry,  Engineering  Works,  Carpenter's  Road,  Stratford, 

London,  E. 
1861.  Johnson,    Samm-1  Waite,  Locomotive  Superintendent,  Midland  Railway, 
D  thy. 
38.  Johnson,  William,  Castleton  Foundry  and  Engineering  Works,  Armley 

1891.  Johnston,  Andrew,  Bank  Buildings,  Hong  Kong,  China. 

1^72.  Joieey,  Jacob  Gowland,  Messrs.  J.  and  G.  Joicey  and  Co.,  Forth  Banks 

West  Factory,  Xewcastle-on-Tyne.     [Engines,  Newcastle-on-Tyne.'] 
1882.  John,  Philip,  35  Narrow  Wine   Street,   Bristol;   and   2  Elmdale  Road, 

ind,  Bristol. 
1801.  Jon  B,  Charles  Frederick,  Messrs.  Greaves  Cotton  and  Co.,  Empress  Mill, 

1>  lisle  Road,  Parol,  Bombay,  India. 
1871.  Jones,  Charles   Henry,   Assistant   Locomotive   Superintendent,    Midland 

Railway,  Derby. 
1873.  Jones,  Edward,  Kirkstall,  Aldridge  Road,  Ferry  Barr,  Birmingham. 
1884.  Jo:  Felix,    Messrs.     Jones     and     Foster,     39    Bloomsbury     Street, 

oingham. 
1-7-.  Joi        I  ck  Robert,  Superintending  Engineer,  Sirmoor  State,  Nahan, 

r   Qmballa,  Pnnjaub,  India:  (or  care  of  Messrs.  Richard  W.Jones 
and  Co.,  Newp  rt,  Monmouthshire.) 

1  Edward,    District    Locomotive    Superintendent,    North 

W(  !   kilway,  Moltan,  Ponjanb,  India :  (or  care  of  Mrs.  Edward 

i  ni. am  Villas,  Cheltenham.) 
187."\  J  Harry    Edward,    Engineer,    Commercial    Gas    Works,    Stepney, 

I      :.  |    '  .  I  .. 

1--.1.  .1  :.       Herbert    Edward,  Looomotiye    Department,    Midland    Railway, 

'i  <  ,  6 Delahay  Street,  Westminster, S.W. 

nuel  GUbert,  Hatherley  Conrt,  Gloucester. 
i--7.   I  i  i;     d School,  Deansgate,  Manchester. 

J  -~  -  Ui'liard  Sumi)tion,  Rajpntana  State  Railway,  Ajmeer,  India : 

omberla  ne,  Pntney,  London,  S.W. :  (or  care  of  Messrs. 

D  W  Pall  Mall,  London,  S.W.) 
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1883.  Jordan,  Edward,  Manager,  Cardiff  Junction  Dry  Dock  and  Engineering 

Works,  Cardiff. 
1891.  Jordan,     Henry    George,    Jun.,    Technical    School   of    the    "Whit worth 

Institute,  Manchester. 
1SS0.  Joy,  David,  8  Victoria  Chambers,  15  Victoria  Street,  Westminster,  S.W. ; 

and  Manor  Road  House,  Beckenham. 
1891.  Judd,  Joseph  Henry,  Technical  and  Manual  Instruction   School,   York 

Place,  Brighton. 

1878.  Jiingermann,  Carl,  Maschinenbau  Actien  Gesellschaft  Vulcan,  Bredow  bei 

Stettin,  Germany. 
1SS4.  Justice,  Howard  Rudulph,    55   and   56   Chancery  Lane,  London,  W.C. 
[Syng,   London.     2504.] 

1889.  Kanthack,    Ralph,    Sub-Manager,     Carl     Zeiss'    Optical    Works,    Jena, 

Germany. 
188S.  Kapteyn,   Albeit,   Westinghouse   Brake   Co.,  Canal   Road,   York    Road, 
King's  Cross,  London,  N. 

1882.  Keeling,  Herbert  Howard,  Merlewood,  Elthara. 

1869.  Keen,  Arthur,  London  Works,  near  Birmingham.     [Globe,  Birmingham.'] 

1883.  Keen,  Francis  Watkins,  Patent  Nut  and  Bolt  Works,  Westbromwich. 

1867.  Kellett,  John,  Clayton  Street,  Wigan. 

1873.  Kelson,  Frederick  Colthurst,  Angra  Bank,  Waterloo  Park,  Waterloo,  near 

Liverpool. 
1881.  Kendal,    Ramsey,  Locomotive    Department,    North    Eastern    Railway, 

Gateshead. 

1879.  Kennedy,  Professor  Alexander  Blackie  William,  F.R.S.,  19  Little  Queen 

Street,  Westminster,  S.W.     [Kinematic,  London."] 
1863.  Kennedy,    John    Pitt,   Bombay    Baroda    and    Central   Indian   Railway, 
45  Finsbury  Circus,  London,  E.C. ;  and  29  Lupus  Street,  St.  George's 
Square,  London,  S.W. 

1868.  Kennedy,  Thomas  Stuart,  Parkhill,  Wetherby. 

1875.  Kenrick,  George  Hamilton,  Messrs.  A.  Kenriek  and  Sons,  Spon  Lane, 
Westbromwich;  and  Whetstone,  Somerset  Road,  Edgbaston, 
Birmingham. 

1888.  Kershaw,  Frederic,  Evans  y  Livock,  228  Calle  Piedad,  Buenos  Aires, 
Argentine  Republic, 

1866.  Kershaw,  John,  Marazion,  St.  Leonard's-on-Sco 

1884.  Kershaw,  Thomas  Edward,  Chilvers  Coton  Foundry,  Nuneaton. 

1890.  Key,  George  Andrew,  General  Manager,  Wallsend  Pontoon  Works,  Bute 

Docks,  Card  ill*. 

1885.  Keydell,  Amandus  Edmund,  Lloyd's  Register  of  Shipping,  Duo 
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1885.  Keyworth,  Thomas    r.     rl     .    IVim    Carril    Buenos   Aires   y  Rosario, 
Buenos  Aires,  Argentine  Bepnblio:   (or  care  of  J.  R.  H. 
l\  j  worth,  -j.")  r.nk  Boad  South,  Birkenhead.) 
I  B8&  K "  i  i.  i  <    Ionia!  Bngax  Befining  Co.,  Bydney,  New  South  Wales. 

1888.  Kikuchi,  K  Bnperintendent  Engineer,  Eirano  Spinning-  Mill,  Osaka, 

in. 
1872.  Ki  g,  William,  Engineer,  Lirerpool   United  Gas  Works,  Duke  Street, 
Livt  rj 1. 

1889.  Kirby,   Prank    Eugene,  Constrneting  Engineer,  Detroit   Dry  Dock  Co., 

D  '.  Michigan,  United  Stairs. 

1872.  Kirk,  Alexander  Carnegie,  LL.D.,  Messrs.  Robert  Napier  and  Sons, 
I    -     Beld  II  oee,  Glasgow;  and  Govan  Park,  Govan,  Glasgow. 

1877.  Kirk.  Henry,  Messrs.  Kirk  Brother!  and  Co.,  New  Yard  Iron  Works, 
W  rk  ngt  u.    [A'/r/.x,  Workington.'] 

1884.  Kirkaldy,  John,  40  West   India   Dock   Road,  London,  E.    [Compactum, 

I.        'on.'] 

lv7.">.  Kirkwood,  James,  Chief  Inspector  of  Machinery  for  Pei  Yang  Squadron; 
1     mmissioner  of  Customs,  Kowloon,  Hong  Kong,  China:  (or 
M  al  •    <    •        .  Denny.) 
L  Kirtley,  William,  Locomotfrre  Snp<  rintendent,  London  Chatham  and  Dover 
B  .1    oghedge  Works,  Wandsworth  Boad,  London,  S.W.    [3005.] 

Sir  James,  Uart.,  Monk  Bridge  Iron  Works,  Leeds. 
18C8.  Kit*. n,  John  Hawthorn,  Airedale  Foundry,  Leeds.     [Airedale^  Leeds."] 
J  974  K!. ::.,  i ;.  rv.dl,  Sutl'olk  House,  B  Lanrence  Ponntney  Hill,  London,  E.C. 
1    mad,  ll  Queen  Victoria  Street,  London,  E.C. 
'.'.  Knight,  Bertrand  Thornton, Consulting  Engineer  to  the  British  North 
B         Gorei  smut,  Bendakan,  British  North  Borneo;  and  8  Westfleld 

l&v  Ubert,  Baboook  and  Wilcox  Boiler  Co.,  L07  Hope  Street, 

(  i] 

P(  rcy,  Hi         A.  W.  B  and  Co.,  ( Instom  House 

Works,  Vid        D       .  i  ■  ndon,  E. 
J**'   i-  an-l  M<rhanioal   i.  , Auckland, New  Zealand: 

BLD  nth  Hempstead, 

J.     ion,  N  W.) 

1881.  La  i'  ptlbcd  Bhlpbnildmg  Yard,  Sunderland. 

B  .  Dan,  M.  -   i  ,.  I.aiid    Umth.TM,  liiikcnhea.]  [ron  Wofks, 

1008.] 
'•  I  en,    Birki  ahead    [ron    Works, 

1008.] 
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1883.  Lake,  William  Robert,  45  Southampton  Buildings,  London,  W.C.  [Scopo, 
London.'} 

1878.  Lambourn,  Thomas  William,  Xaughton  Hall,  near  Bildeston,  S.O.,  Suffolk. 
1881.  Langdon,  William,  Locomotive  Superintendent   and   Chief  Mechanical 

Engineer,  Rio  Tinto  Railway  and  Mines,  Huelva,  Spain :  (or  care  of 

T.  0.  Langdon,  Tamar  Terrace,  Launceston.) 
1881.  Lange,  Frederick  Montague  Townshend,  21  Rue  Wissocq,  Bonlogne-sur- 

mer,  France. 
1877.  Lange,   Hermann   Ludwig,   Manager,   Messrs.   Beyer    Peacock  and    Co., 

Gorton  Foundry,  Manchester. 

1879.  Langley,  Alfred  Andrew,  33  Chester  Terrace,  Regent's  Park,  London,  N.W. 
1879.  Lapage,  Richard  Herbert,  Elmwood,  Surbiton. 

1890.  Last,  Arthur  John,  Oulton,  Abbeville  Road,  Balham,  London,  S.W. 

1888.  Latham,  Baldwin,  7  Westminster  Chambers,  13  Victoria  Street,Westminster, 

S.W. 
1890.  Laurie,  Leonard  George,  Mill  Parade,  Newport,  Monmouthshire. 

1881.  Lavalley,  Alexander,  48  Rue  de  Provence,  Paris. 
1867.  Lawrence,  Henry,  The  Grange  Iron  Works,  Durham. 

1874.  Laws,  William  George,  Borough  Engineer  and  Town  Surveyor,  Town 
Hall,  Xewcastle-on-Tyne ;  and  5  Winchester  Terrace,  Newcastle-on- 
Tyne.     [Engineer,  Newcastle-on-Tyne.'] 

1882.  Lawson,  Frederick   William,  Messrs.   Samuel  Lawson  and  Sons,  Hope 

Foundry,  Leeds. 

1870.  Layborn,  Daniel,  Messrs.  Layborn  Patterson    and    Co.,  Dutton   Street, 

Liverpool. 

1883.  Laycock,  William  S.,  Messrs.  Samuel  Laycock  and  Sons,  Horse-hair  Cloth 

Works,  Sheffield;  and  Ranmoor,  Sheffield. 
1860.  Lea,    Henry,    Messrs.  Henry   Lea   and    Thornbery,    38    Bennett's    Hill, 
Birmingham.    [Engineer,  Birmingham.     113.] 

1889.  Leaf,   Henry   Meredith,    Messrs.    Crompton    and    Co.,    Mansion    House 

Buildings,  Queen  Victoria  Street,  London,  E.C. 
1883.  Leavitt,    Erasmus     Darwin,    Jun.,   604     Main     Street,   Cambridgeport, 
M;is>;ichu.-etts,  United  States. 

1890.  Ledingham,  John  Machray,  Royal  Laboratory,  Royal  Arsenal,  Woolwich. 

1886.  Lee,  Charles  Eyre,  18  Newhall  Street,  Birmingham. 

1887.  Lee,  Cnthberl  Ridley,  Mi  nrs.  J.  Coates  and  Co.,  Suffolk  House,  Laurence 

P<  tmtoey  Hill,  London,  I 

1862.  Lee,  J.  0.  Frank,  9  Park  Crescent,  Portland  Place,  London,  W. 

1890.  Lee,  Samuel  Edward,  Messrs.  Harrison  Lee  and  Sons,  City  Foundry, 
Limerick. 

1871.  Lee,  William,  M  <         i      <  lerkand  Robinson,  Gospel  Oak  Hon  Works, 

Tipton;  and  15  George  Street,  Mansion  House,  London,  E.O. 
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Lees,   Samuel,   Messrs.   II.   Lees  and   Sons,  Park   Bridge  Iron  "Works, 
Ashton-nnder-Lyne. 

1  A  57  Bro ok  ( I rcen,  Hammersmith,  London,  W. 

1883.  Lennox,  John,  2  Victoria  Mansions,    28  Victoria  Street,  Westminster, 

-  w. 

.  Andrew,  Goxlodge  Hall,  Xewcastle-on-Tyne. 
ivvv.  I  B  r Bradford,  ELC.LE., Tarrangower,  Willesden Lane, Brondesbury, 

London,  X.W. 

J   -  {•':.,  Marine  Engineer,  Messrs.  Apcar  and  Co.,  Raddah  Bazar, 

I    . 
188S.  Letehfbrd,  Joseph,  Manager,  Messrs.  David  Munro  and  Co.,  Stuart  Street, 

Mi  Ibonrne,  Victoria;  care  of  Richard  Speight,  Glenroy  Park,  Hampton 

Btreet,   Middle    Brighton,   Melbourne,    Victoria:    (or  care    of  James 

I  •  tchford,  370  Wandsworth  Road,  London,  S.W.) 
1  *7v   I..  wi<,  (iilbert,  37  Monton  Street,  Moss  Side,  Manchester. 
1"  J     1  ■  vis,  Henry  Watkin,  Lhvyn-vr-cos,  Abercanaid,  near  Merthyr  Tydfil. 
1  872.  J.'  .'■  is,  Richard  Amelias,  Messrs.  John  Spencer  and  Sons,  Tyne  Haematite 

Iron  W  kswood-on-Tyne. 

18*7.   I  wland  Watkin,  Messrs.  Edwin  Lewis  and  Sons,  Britannia  Boiler 

J     •  W  rks,  Wolverhampton. 

1884.  Lewis,  Sir  William  Thomas,  Bute  Mineral  Estate  Office,  Aberdare ;   and 

y  rdare. 

188".  J.  •.    I  ..  tnai   Bell,  Cornwall   Buildings,  35  Queen  Victoria  Street, 

I  ..  I   '  .      Separator,  London."];  and 7  Eastcombe  Villas,  Charlton 

.  Blaokm  aiii,  London,  S.B. 
1--7.   I.  A       .1  rqnhart  Lindsay  and  Co.,  Blackness  Foundry, 

Don 

I  .  William  I;  .  W.  B.Thompson  and  Co.,  Lilybank 

v.        .  ; 

iaebatn,   Wii  I  r   of   Engineering    and    Mechanical 

[nstitnte,  Nei   Cross,   London,  B.E. ;   and 
•'•  '••  I,  Lee,  London,  BJS. 

;"       I  '  r,  121  Upper  Parliament  Street,  Liverpool. 

.    Mining     Engineer,    Hetton    Colliery,    near   Fence 

1881.  Li*t,  .'  :    Engineer,  M    i  .  Donald  Onrrie  and  Co., 

i    Work  sail,   London,    K. ;    and  8  Bt.  John's  Park, 

B         asth,  London,  B.E. 

I  i    Co.,    Beechcliffe,    Keighley;    and 

1890.  Lister,  Beyer  F         !.   and   Co.,  Gorton 

i 
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1866.  Little,  George,  Messrs.  Piatt  Brothers  and  Co.,    Hartford  Iron  Works, 

Oldham. 
1890.  Livens,  Frederick  Howard,  Messrs.  Ruston  Proctor  and  Co.,  Sheaf  Iron 
Works,  Lincoln. 

1867.  Livesey,  James,  29,  30  and  31  Broad  Street  Avenue,  London,  E.C. 

1886.  Livsey,  John    Edward,    Demonstrator   in   Mechanics   and    Mathematics, 

Royal  College  of  Science,  Exhibition  Road,  South  Kensington,  London, 

S.W. 
1867.  Lloyd,   Charles,     National    Conservative    Club,  9   Pall    Mall,    London, 

S.W. 
1871.  Lloyd,  Francis  Henry,  James  Bridge  Steel  Works,  near  Wednesbury  [Steel, 

Wednesburij]  ;  and  Stowe  Hill,  Lichfield. 
1854.  Lloyd,  George  Braithwaite  (Life  J/em&er),  Edgbaston  Grove,  Birmingham. 

1882.  Lloyd,   Robert    Samuel,  Messrs.    Hayward    Tyler    and    Co.,    84    Upper 

Whitecross  Street,  London,  E.C. 
1852.  Lloyd,  Samuel,  The  Farm,  Sparkbrook,  Birmingham. 
1890.  Locke,  Arthur  Guy  Neville,  12  Dartmouth  Street,  Westminster,  S.W. 

1879.  Lockhart,  William  Stronach,  67  Granville  Park,  Blackheath,  London,  S.E. 
1881.  Lockyer,   Norman  Joseph,   care  of  Sir  A.  M.   Rendel,   8  Great  George 

Street,  Westminster,  S.W. 
1884.  Logan,  Andrew  Linton,  Vulcan  Foundry,  Newton-le-Willows,  Lancashire. 
1890.  Logan,  John  Walker,  Messrs.  Richard  Hornsby  and  Sons,  P.  O.  Box  216, 

Johannesburg,    Transvaal,     South     Africa;    and     care     of    William 

Wcatherley,  51  Newlands,  Lincoln. 

1883.  Logan,    Robert  Patrick  Trcdeunick,  Engineers  Office,  Great  Northern 

Railway  of  Ireland,  Dundalk. 

1874.  Logan,  William,  Mining  Engineer,  Langley  Park  Colliery,  Durham. 

1884.  Longbottom,    Luke,    Locomotive   Carriage   and   AVagon    Superintendent 

h  St.ill'urdshire  Railway,  Stoke-on-Trent. 

1880.  Longridge,  Michael,  Chief  Engineer,  Engine  and  Boiler  Insurance  Co. 

1^  King  Street,  Manchester. 
1856.  Longridge,  Robert  Bewick, Managing  Director,  Engine  and  Boiler  Insurance 
Co.,  12  King  Street,  Manchester ;  and  Yew  Tree  House,  Tabley,  neaz 
Knutsford. 

1875.  Longridge,  Robert  Charles,  Kilrie,  Knutsford. 

1880.  Longworth,  Daniel,  2  Charleville  l.*.  ad,  Park  Road,  Dublin. 

1887.  Lorrain,   James   Grieve,  Norfolk   House,  Norfolk   Street,   London,  W.C. 

[Lor rain,  Ijondnn.~\ 

1888.  Low,   David   Allan,    Lecturer    on    Engineering,    The    People's    Palaco 

Technical  Schools,  Mil    End  Road,  London,  E. 
1861.  Low,  George,  Biahop'i  Hill  Cottagi ,  [pswioh. 

1885.  Low,  Robert,  l  .  Vicarage  Park,  Plnmstead. 
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L88L  Lowoock,  Arthur,  Ooleham  Foundry,  Shrewsbury. 

1881  Lowdon,  John,  General  Manager,  Barry  Graving  Dock  and  Engineering 

(     .  Exchange  Buildings,  Cardiff,    [Bardodk,  Cardiff."] 
1891.  Lowdon,  Thomas,  Kingsland  Crescent,  Barry  Docks,  B.O.,  near  Cardiff. 
1878.  1.  ire,  John  Edgar,  Messrs.  Boiling  and  Lowe,  2  Laurence  Pountney  Hill, 
London,  E.C.     [Bird,  London.     1530.] 

Arthur,  27  Brnton  Street,  New  Bond  Street,  London,  W. 
Lucy,  Arthur  John,  Messrs.   Turner  Morrison  and  Co.,   Sugar  Works 

»    trip  re,  Calcutta,  India. 
Lucy,   William   Theodore,    care    of  Frank    Hudson,   Central    Uruguay 
Railway,     Monte    Video,    Uruguay:     English   Club,    Monte    Video, 
Uruguay  :  (or  Thornleigh,  "Woodstock  Koad,  Oxford.) 
Lundon,  Kobert,  Engineer's  Department,  Rosstown  Juuction  Railway  and 
Property    Co.,    Bourke    Street    East,    Melbourne,   Victoria;    and  66 
Elizabeth  Street,  Melbourne,  Victoria. 
1-77.  Lupton,   Arnold,  Professor  of  Mining  Engineering,  Yorkshire  College, 

I       Is;  and  G  De  Grey  Road,  Leeds.     [Arnold  Lupton,  Leeds.    330.] 
1  --7.   Lupton,  Kenneth,  6  Gordon  Terrace,  Cope  Street,  Coventry. 
1  -7-.   I.ynde,  James  Henry,  Buekland,  Ashton-on-Mersey,  near  Manchester. 


1-- .'.  MaceS  Works   Manager,   Great  Eastern    Railway,  Stratford 

don,  E. 
l:    hard  J  hompson,  Dawlish  House,  Willesden,  London,  N.\V. 
l---.  Ma  b  th,  John  Bruce  King,  1 1  Tamarind  Lane,  Bombay,  India  :  (or  care 
A  tobeth,  Heaton,  Bolton.) 
th,  Norman,  Messrs.  John  and  Edward  Wood,  Victoria  Foundry, 

William  Maxwell,  26  Park  r,  Boad,  Sheffield. 
1881  M  '        .  Lloyd  and  Lloyd,  90  Oannon  Street,  London, 

B.O.J  sod  L8  Adelaide  Boad,  Brockley,  London,  S.E. 

i        .  Macllwaine  and  MaeColl,  (Jlstex  Iron  Works, 

Zundt,    Locomotive    Engineer,  Addington, 

.  /    I  .iid. 
!  -  -  •    M  .  .  .i  ■■       A  i< -..'ltider,  Broad  Ouks  Iron  Works,  Chesterfield. 

D    ■  <     .  B  i     !  "k.  Siam  :  (or  care  of  Me 
LOQ  ecu  Btreel  Place, London,  E.O.)    [Madkay, 

Ifc-  ,  win. -it icy  and  Mackenzie, 40 Chancery 

i  field,  Oxford  Boad,  I  pper  Teddisgton, 
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1875.  Maclagan,    Robert,   care  of  Dr.  Macbgan,  9  Cadogan    Place,    Belgrave 

Square,  London,  S.W. 
1889.  MacLay,  Alexander,  Professor  of  Mechanical  Engineering,  Glasgow  and 

West  of  Scotland  Technical  College,  38  Bath  Street,  Glasgow. 
188G.  MacLean,  Alexander   Scott,  Messrs.  Alexander  Scott  and  Sons,   Sugar 

Refinery,  Berry-yards,  Greenock. 

1877.  MacLellan,  John    A.,  Messrs.   Alley  and    MacLellan,  Sentinel  Works, 

Polmadie  Road,  Glasgow.     [Alley,  Glasgow.     673.] 
1888.  Macleod,  Arthur  William,  Schwebo  Mining  Syndicate,  Kyouk  Myoung 
Post  Office,  Upper  Burmah. 

1864.  Macnab,     Archibald     Francis,    Inspecting     and    Examining    Engineer, 

Government  Marine  Office,  Tokyo,  Japan. 

1865.  Macnee,  Daniel,  2  Westminster  Chambers,  3  Victoria  Street,  "Westminster, 

S.W.  [Macnee,  London.'];  and  Rotherham. 
1884.  Macpherson,  Alexander  Sinclair,  Messrs.  Fairbairn  Xaylor  Macpherson 

and  Co.,  Wellington  Foundry,  Leeds. 
1879.  Maginnis,  James  Porter,  9  Carteret  Street,  Queen  Anne's  Gate,  Westminster, 

S.W.     [James   Maginnis,   London;  and.  Off  sett,  London.'] 
1891.  Mahon,   Reginald    Henry,   Captain    R.A.,    Superintendent    II.M.    Shell 

Factory,  Cossipore,  Calcutta,  India. 
1873.  Mair-Rumley,  John  George,  Messrs.  Simpson  and  Co.,  Engine  Works,  101 

Grosvenor  Road,  Pimlico,  London,  S.W.     [Aguosity,  London.] 
1S84.  Mais,  Henry  Coathupe,  61  Queen  Street,  Melbourne,  Victoria. 
1879.  Malcolm,    Bowman,    Locomotive   Superintendent,   Belfast   and    Northern 

Counties  Railway,  Belfast. 
1891.  Mani&fy,  Edward,  Dundalk  Iron  Works,  Dundalk,  Ireland  ;  and  Oaklands, 

Bromborough,  near  Birkenhead. 
1888.  Mano,  Bunji,  Professor  of  Mechanical  Engineering,  Imperial  University, 

Tokyo,  Japan. 
1875.  BCansergh,  James,  3  Westminster  Chambers,  5  Victoria  Street,  Westminster, 

S.W. 
1891.  Manson,  James,  Locomotive  Superintendent,  Glasgow  and  South  Western 

Railway.  Kilmarnock. 
1862.  Blappin,  Sir  Frederick  Thorpe,  Bart.,  M.P.,  Me.-.<rs.  Thomas  Tnrton  and 

Sons,  Sheaf  Works,  Sheffield  ;  and  Thornbnry,  Bheffii  M. 

1878.  Marie,   G         !,    Engineer,  Ohemins  de  fer  <!<■   Paris  a   Lyon  et  U  la 

AleaUterranee,  Bureaux  dn  Materiel,  Bonlevart  Masas,  Paris. 
1891.  Marks,  Edward  Charles  Robert,  L3  Temple  Street,  Birmingham. 
is>s.  Maik.-.    <■  •  roydon,   LS    Temple    Street,    Birmingham.     \Pm 

Birmingham.] 
1884.  Manpii.ii'l,  Augustus.   John,  Pierhead  Chambers,  Cardiff.      [Electron 
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L887.  Marriott,  William.  Kmrineer  and  Locomotive  Superintendent,  Eastern  and 
Midlands  Railway,  Melton  Constable,  Norfolk. 

.    B  ajamin,   Messrs.  S.  Marsden  and  Son,  Screw-Bolt  and  Nut 
w   rks,  London  Road,  Manchester. 

If.  nry  "William,  Winterbourne,  near  Bristol. 
1 B75.  Marshall,  ft  v.  Alfa  d  (  Life  Member),  The  Vicarage,  Feckenham,  Redditch. 
-     .  Marshall,  Francis   Carr,  Messrs.  EL  and  W.  Hawthorn  Leslie  and  Co., 
r*8  Works,  Newcastle-on-Tyne. 
li.  Frank  Herbert,  Ormesby  Iron  Works,  Middlesbrough. 
1885.  M arahall,  Henry  Dickenson,  Messrs.  Marshall  Sons  and  Co.,  Britannia  Iron 

W  rks,  Gkdnsborongh.     [Marshall*,  Gainsborough.    6648.] 
1871.  Mai-i. all,  James,   Messrs.  Marshall  Sons  and  Co.,  Britannia  Iron  Works, 
I  I    insborough.     [Marshall*,  Gainsborough.     6648.] 

1885.  Marshall,  Jenner  Guest,  Messrs.  Chance  Brothers  and  Co.,  Glass  Works, 

r  Birmingham;  and  Westoott  Barton  Manor,  Oxfordshire. 
TJ.  Marshall,   William    Bayley,    Richmond    Hill,   Edgbaston,    Birmingham. 

-.  Birmingham.] 
7.  Marshall,  William     Prime,    Richmond     Hill,    Edgbaston,    Birmingham. 
irminghan.] 
'  i  I    [ward  Bin<lon,Pedmore, Stourbridge.  [Marten. Stourbridge.  8504.] 

in,   The  Birches,  Cod-all,   mar  Wolverhampton;    and 
1  rate,  W<  Btminster,  S.W. 
l»- 1.  M  rtin,  l..  •     I  Pritchard,  Dowlaii  Leon  Works,  Dowlais, 
Martin,  Henry,  8  Baal  Park  Terrace,  Southampton. 
-.  Martin,  Henrj  House,  Walters  Boad,  Swansea. 

•    Martin,    The     II  »    James    Martin    and    Co.,   Phoenix 

I  r.    South    Australia:    (or    can'    of  J.    C.    Lanyon, 

.  m  Houi  ,  Old  Broad  Street,  London,  E.C.) 

1886.  Martin,    William   Hamilton,    Engineering    Manager,    The    Scheldt    Royal 

Shipbuilding  and  Engineering  Works,  Blushing,  Holland. 
]--_'    M  ,   Warim    B      I  New  Bond  Sunt,   London,  W.;  and 

I.  Bickli  ■ .  i:  -  0  ,  Kent 

1  M  irkham  Squai  .  I      (sea,  London,  S.W. 
1884.  Mas»-     G  I        Offloe  Chambers,  Pitt  Street,  Sydney,  New  South 

'l:   and  S   Massey,  Op<  I  I  fcer. 

m,  M  r.  M'     r-.  Mather  and  i'lati,  Sal  ford  Iron  Works, 

Mi'     I     '■  r.         >/  "'•  r,  MiwIk  J,  r.  ] 
1888.  M-iti.er,   William   I*     •.,   M<        .   Mather  and    I'lalt,  Salford    Cron   Works, 
<  §tcr.    [Mather,  Manchester."] 
J :         '  'i      •     i        ii  and  Oo.,  Hong  Kong, 

and  Grant,  32  Walbrook,  London, 
J.1 
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1891.  Mathewson,  Jeremiah  Eugene,  Tilghman's  Sand-Blast  Co.,  Bellefield 
"Works,  Bellefield  Lane,  Sheffield. 

1875.  Matthews,  James,  22  Ashfield  Terrace  East,  Newcastle-on-Tyne. 

1886.  Matthews,  Robert,  Parrs  House,  Heaton  Mersey,  near  Manchester. 

1875.  Mattos,  Antonio  Gomes  de,  Messrs.  Maylor  and  Co.,  Engineering  Works, 
136  Rua  da  Sande,  Bio  de  Janeiro,  Brazil :  (or  care  of  Messrs.  Fry 
Miers  and  Co.,  Suffolk  House,  5  Laurence  Pountney  Hill,  London,  E.C.) 

1853.  Maudslay,  Henry  (Life  Member),  Westminster  Palace  Hotel,  4  Victoria 

Street,  Westminster,  S.W. :  (or  care  of  John  Barnard,  47  Lincoln's  Inn 
Fields,  London,  W.C.) 
1S09.  Maughan,    Thomas,      Engineer,     Cramlington     Colliery,    Cramlington, 
Northumberland. 

1873.  Maw,  William  Henry,  35  Bedford  Street,  Strand,  London,  W.C.     [3663.] 

1854.  Maxim,  Hiram  Stevens,  Maxim  Nordenfelt  Guns  and  Ammunition  Co., 
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Gardens,  Glasgow.) 

1880.  Moreland,  Richard,  Messrs.  Richard  Moreland   and   Son,  3  Old  Street, 

St.  Luke's,  London,  E.C.     [Expansion,  London.'] 

1889.  Morgan,  David  John,  Central  Engineering  Works,  Cardiil'. 

1885.  Morgan,    Thomas    Recs,    Morgan    Engineering  Works,   Alliance,    Ohio, 

United  States. 
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I'  r     Wbrkl,  M:id: 
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i  of  Engineering,  Boyal  College  of  Science 
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Departr. 
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J;    iso,]  ranee.    [LeOntflUer  Pittd,  Bon**.] 
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1882.  Pr<   -  r.  Ernest  Charles  Antoine,  4  Salesas,  Madrid. 

Preston,  Francis,  Netherfield  House,  Kirkburton,  near  Huddersfield. 
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.     Richard,     4    Victoria    Mansions,     32    Victoria    Street, 
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Bead,  Barnstaple.    [Rafarel,  Barn$tapU.~\ 
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187-  Klines,  Messr.--.  Bait  and  Gardiner,  1 55  ETenchurch  Street, 

1. 1  .    '  Bepa 

i  •   skill,  Aid  rley  Bdg    I       hire. 

!■••'      J  -  r     .]    •       .     \ '•,!,,!'.,     Wood,     I  !ai  row  -j  n-I'iiriH  || ;     and    K<f'orin 

Pall  Mali,  i.<  W. 
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Works,  Ipswich.     [Ransomes,  Ipswich.'] 
1862.  Ransome,  Robert  James,  Messrs.  Ransomes  and  Rapier,  "Waterside  Iron 
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Republic. 
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1886.  Schurr,   Albert   Ebenezer,  Messrs.    Fry   Mien   and   Co.,    Suffolk   House, 

5  Lanrenoe  Pountney  Hill,  London,  E.C. ;  and  Lyncot,  Romford. 
1885.  Scorgie,    James,    Professor   of   Applied   Mechanics,   (i\il   Engineering 

College,  Poona,  India:    2D  Loanbead  Terrace,  Aberdeen:  (or  care  of 

Mi  -  ra  W.  Watson  and  Co.,  27  Lead  mnal]  Bin  et,  London,  E.C.) 

1891.  Scott,  Arthur  Forbes,  00  Swan  Arcade,  Bradford 

1882.  Scott,  Gharlei  Herbert,  Messrs.  Snmmeri  and  Scott,  High  Orchard  Iron 
Works,  <  .!•■ 
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189  .8       .  Frederick  MeClure,  89  Victoria  Street,  Liverpool. 

1891.  Scott,  P.  Walt*  r,  Messrs.  George  Scott  and  Son,  44  and  4G  Christian  Street, 

London,  E.     [27/ irty- four,  London.     4390.] 
1875.  Boott,   Frederick  Whitaker,  Atlas  Steel   and    Iron  Wire  Rope  Works, 

Beddiah,  Stockport.     [Atlas,  lieddish.'] 
1881.  Scott,  George  Innes,  Three  Indian  King's  Court,  Quayside,  Newcastle-on- 

Tyne. 
L891.  Be  tt,  Henry  John,  IS  Castcllain  Road,  Maida  Hill,  London,  W. 
1877.  Be  'tt,  Irving  M.,  Union  Iron  Works,  San  Francisco,  California. 
188L  Boott,  James,  Genera]  Manager,  President  Land  and  Exploration   Co., 

Pretoria,    Transvaal,    South     Africa:     (or    Douglasfield,    Murthly, 

Perthshire.) 

-  -it,  James,  Consett  Iron  Works,  Consett,  R.S.O.,  County  Durham. 
1885.  Boott,   Robert,  50  Cornwall  Road,  Westbourne  Park,  London,  W. 

189L  B     ".    Robert     Julian,     School     of    Engineering,    Canterbury    College, 

: ■istchurch,  New  Zealand. 
18G1.  Scott,  Walter  Henry,  Locomotive  Superintendent,  Ferro  Carril  del  Norte, 
D  Bngenio,  Uruguay:  (or  care  of  H.  Eaton,  75  Tulse  Hill,  London, 
S.W.) 
1884.  Scott-Monoricff,  William   Dundas,   8G  Newman   Street,    Oxford    Street, 

I.  ,  W. 

1868.  Scriven,   Charles,   Whinfield   Mount,   Chapel  Allerton,  Leeds.     [Scriven, 
!.■  i  </*.] 

ok,  Alfred  William,  Engineer   Surveyor  to  tho  Port  of  Bombay, 
For:  Bombay. 

Ivlward,  Earle's  Shipbuilding  and  Engineering  Works,  Hull. 
1  96  I  Beddon,  John,  98  Wallgate,  Wigan. 

Ion,  Bob  it  Barlow,  Manager,  Wigan  Wagon  Works,  Wigan. 

-  Iby,  Millin,  11  Bne  do  la  Gere,  Lille,  France. 

Norman,  279  George  Btret  t,  Sydney,  New  South  Wales. 

1    l- man,  ELD.,  ProfeafOT  of  Engineering,  Stevens  Institute,  and 
skllii  In.-.tituto ;  8801  Baring  Street,  Philadelphia,  Pennsylvania, 
I 

i :  .     I     tage,  Wakefield 
Hera,    William,    PennsylTania   Avenue,    Philadelphia,   Pennsylvania, 
i  -    • 

I.  ml  ,  Ti  Bt  Janu  i  Sfa  <  t,  Banfernando,  Trinidad. 
D      H  i  of  Matin  mattes,  I  Diversity  College, 

i.   aoL 

Hesn  >  Handslay  Son  and  Field,  Lambeth,  London,  s.E. 
I,  Arthur  i  Q(        .  , Britannia  Railway-Carriage 

an'i  Birmingham. 
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1884.  Shackleford,    William     Copley,    Manager,     Lancaster    Wagon    Works, 

Lancaster. 
1872.  Shanks,  Arthur,  Messrs.  A.  Burn  and  Co.,  Howrah  Iron  Works,  Howrah, 

Bengal ;  7  Hastings  Street,  Calcutta ;  and  57  Upper  Berkeley  Street, 

London,  W. 

1884.  Shanks.  William,  Messrs.  Thomas  Shanks  and  Co.,  Johnstone,  near  Glasgow. 

[Shanks,  Johnstone.'] 
1831.  Shapton,  William,  Sir  William  G.  Armstrong  Mitchell  and  Co.,  8  Great 
George  Street,  Westminster,  S.W. 

1890.  Shardlow,  Ambrose,  Ealing  Works,  Washford  Road,  Attercliffe,  Sheffield. 

1891.  Sharp,    Henry,    23    College    Hill,  Loudon,   E.C. ;    and    Loseley  Hurst, 

Bournemouth. 
1875.  Sharp,   Thomas   Budworth,  Consulting   Engineer,  Muntz   Metal  Works, 

Birmingham ;  and  County  Chambers  A,  Martineau  Street,  Birmingham. 

[Budworth,  Birmingham."] 
1882.  Sharrock,  Samuel  Lord,   New   South  Wales  Club,  Sydney,  New  South 

Wales. 
1881.  Shaw,  Joshua,  Messrs.  John  Shaw  and  Sons,  Wellington  Street  Works, 

Salford,  Manchester. 
1881.  Shaw,  William,  Messrs.  W.  Shaw  Kirtley  and  Co.,  Wellington  Cast  Steel 

Foundry,  Middlesbrough. 

1890.  Sheldon,  Harry  Cecil,  Messrs.  W.  P.  Thompson  and  Boult,  G3  Long  Row, 

Nottingham. 
185(3.  Shelley,  Charles  Percy  Bysshe,  9  Victoria  Chambers,  17  Victoria  Street, 
W<  -tminster,  S.W. 

1891.  Shenton,  James,  Messrs.  Tinker  Shenton  and  Co.,  Hyde  Boiler  Work.-, 

Hyde,  mar  Manchester. 
18G1.  Shepherd,  John,  Union  Foundry.  Hnnslet  Road,  Leeds. 
1875.  Sheppard,    Herbert   Gurney,    Chief   Engineer,   Assioot-Girgeh   Railway. 

Assioot,    Upp'  r    Egypt:    (or    89    WYst bourne    Terrace,   Hyde   Park, 

London,  W.) 
187G.  Shield,    I  bury.   Messrs.    I'awcett    Preston    and   Co.,   Phoenix   Foundry, 

17  York  Street,  Liverpool. 

1888.  Shin,  Tsuneta,  Director,  Ishikawajima  Shipbuilding  and  Engineering  Co., 

Tokyo,  Japan. 

1889.  Shone,  Isaac,  Gn  at  Gh  arge  Btn  el  ( lhambers,  Westminster!  S.W. 

1890.  Bhoosmith,   Harry,   Messrs,  <;.  Kjnoeh   and  Co.,   Lion  Works,  Witton, 

Birmingham. 
1890.  Shore,  Alfred  Thomas,  Government  I     peetox  of  Steam  Boil 

1 1  m     .  B  :nb  iy,  India. 

1885.  Slmttl.  worth,   Alfred,    Messrs.  Clayton  inttleworth,  Stamp  End 

Works,  Lincoln.    [CHayUmi,  Lincoln.] 
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1885.  Shuttlt -worth.  Major  Frank,  Messrs.  Clayton  and  Shuttlewortb,  Stamp 
Kn.l  Works,  Lincoln;  and  Old  Warden  Park,  Biggleswade.  [Claytons, 
Lincoln.'] 

08,  Alexander  (Z//'<  3f<  m&  >•),  12  Queen  Anne's  Gate,  Westminster,  S.W. 
1888.  Siemens,  Frederick,  10  Queen  Anne's  Gate,  Westminster,  S.W. 

I  Biemena,  Ur.  Werner,  Messrs.  Siemens  and  Halske,  94  Markgrafeu  Strasse, 
Berlin. 
1871.  Simon,  Henry,  20  Mount  Street,  Manchester.     [Reform,  Manchester.'] 
1877.  Simonds,  William  Turner  (Life  Member),  Messrs.  J.  C.  Simonds  and  Son, 
Oil  Mills,  Boston. 
•:.  Simpson,  Arthur  Telford,  Engineer,  Chelsea  Water  Works,  38  Parliament 
Street,  Westminster,  S.W. 
S  :npson,  James  Thomas,  Executive  Engineer,  Public  Works  Department, 
Shwebo,  Upper  Burmah. 
-.  Simpson,   John    Harwood,    Manchester    Ship    Canal,    G5    King  Street, 

Manchester. 
).  Sinclair,   Nisbet,  Messrs.   Robert  Napier  and  Sons,  Lancefield  House, 
Glasgow. 
Sinclair,   Robert,  care    of    Messrs.   Sinclair  Hamilton   and   Co.,   17  St. 

Helen's  Place,  Bishopsgate  Street,  London,  E.C.     [Sinclair,  London.] 
Sinclair,  Robert  Cooper,  3  Adelaide  Place,  London  Bridge,  London,  E.C. 
Sinclair,  Russell,  81  Pitt  Street,  Sydney,  New  South  Wales. 
1*H1.  Biason,  William,  Quay  Street  Iron  Works,  Gloucester.     [Sisson,  Gloucester.] 
.  Slater,  Alfred,  (done,  st<r  Wagon  Works,  Gloucester. 

ter,  Edward,  29  Boyal  York  Crescent,  Clifton,  Bristol. 
J,  Sliglit,    William    Hooper,    care    of    B.    Powell,    Soerabaya,    Java:    (or 
W<  odb  rough  Vicarage,  Nottingham.) 

i  Alexander,    Messrs.    Sloan    and    Lloyd    Barnes,  Castle 

i  tie  Street,  Liverpool.    [Technical,  Liverpool.] 
'.:u<s   Mil       MD    n*.    Drqnhart    and    Co.,    Jl    Victoria    Street, 
W<  r,  s.w. 

.J        D  r  m,  Argentine  Great  Western  Bail  way,  l  Finsbury  Circus, 
I.  •       .  I.  I 

1  Hubert,  Engiiieer  and  Shipwright  Surveyor  to  the  Board  of 

la,  North  Shi 
Si  dtli  Henry,  M<    r  .  Hill  and  Smith,  Brii  rl<  y  1 1  i  1 1  [ron  Works,  Brierley 
Hi.  Bnmmerhill,  Kingswinford, near  Dudley.  [Fencing,  Brierley 

urn.] 

•tii.  Henry,  M  -  tnp  on  and  ('<>.,  ioi  Grosrenor  Bead,  Pimlico, 

I  W. 

,f     J  .      r  Dnffleld  Bead,  Derby. 

3     '  i  ,  Bochdalc. 
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1883.  Smith,  John  BagnolJ,  Xewstead  Colliery,  near  Nottingham. 

1891.  Smith,  John  Beney,  1G  Seaton  Buildings,  17  Water  Street,  Liverpool. 
1S90.  Smith,  John  Windle,  Messrs.  Marshall  Sons  and  Co.,  and  Messrs.  Walsh 

Lovett  and  Co.,  308  Calle  Peru,  Buenos  Aires,  Argentine  Kepublic :  (or 

care  of  Edward  Smith,  The  "Lock,"  Gainsborough.) 
1857.  Smith,  Josiah  Timmis,  Haematite  Iron  and  Steel  Works,  Barrow-in-Furness; 

and  Rhine  Hill,  Stratford-on-Avon. 
1870.  Smith,   Michael   Holroyd,  Royal  Insurance    Buildings,   Crossley    Street, 

Halifax ;    and    18    Abingdon    Street,    Westminster,    S.W.      [Outfall, 

London.'] 

1886.  Smith,   Reginald  Arthur,  Messrs.   Dorman  and   Smith,   24   Brazennose 

Street,  Manchester. 
1881.  Smith,  Robert  Henry,  Professor  of  Engineering,  Mason  Science  College, 

Birmingham;  and  121  Hagley  Road,  Edgbaston,  Birmingham. 
1885.  Smith,  Thomas,  Steam  Crane  Works,  Old  Foundry,  Rodley,  near  Leeds. 

[Tomsmith,  Leeds.'] 
1890.  Smith,  Thomas  Ridsdill,  Earle's  Shipbuilding  and  Engineering  Works, 

Hull. 

1881.  Smith,  Wasteneys,  59  Sandhill,  Newcastle-on-Tyne.    [Wasteneys  Smith, 

Newcastle-on-Tyne.     429.] 
1890.  Smith,  William,  London  and  Manchester  Plate  Glass   Co.,  Sutton,  St. 

Helen's,  Lancashire. 
1863.  Smith,  William  Ford,  Messrs.  Smith  and  Coventry,  Gresley  Iron  Works, 

Ordsal  Lane,  Salford,  Manchester. 

1887.  Smith,     William     Mark,    District     Locomotive     Carriage     and     Wagon 

Superintendent,  Great  Southern  and  Western  Railway,  Cork. 

1882.  Smyth,  James  Josiah,  Messrs.  James  Smyth  and  Sons,  Peasenhall,  Suffolk. 

1884.  Smyth,      William     Stopford,     Engineer,     Alexandra.    Docks,    Newport, 

Monmouthshire. 

1883.  Snelus,  George  James,  F.R.S.,  Ennerdale  Hall,  Frizington,  near  Carnforth. 

1885.  Snowdon,  John  Armstrong,  Stanners  Closes  Steel   Works,  Wolsingham, 

near  Darlington. 
1878.  Sopwith,  Thomas,  Mining  Engineer,  6  Gnat  George  Street,  Westminster, 

S.W.     [Soputttki  London.    3175.] 
1887.  Sorabji,    Shapurji,    Bombay    Foundry    and    Engine   Works.    Kin  twady, 

Bombay:  (or  care  of  Means,   S.  and   E,  Rwmmimi  and  Co.,  10  El 

Street,  Strand,  London,  W.C.) 

1884.  Soulsby,  James  Charlton,  17  Mount  Stuart  Square,  Cardiff. 

1»:>.  Souter-Kobertson,   David.   Assistant   Superintendent,   Government  Can  d 
Foundry  and  Workshops,  Boorkeftj  North  w.  itero  Prorinees,  India. 

1885.  Southwell,    Frederiek    Charles,    Ifewi.    Biehaxd    Hdraabj   and    Sous, 

BpitUegate  Iron  Works,  Grantham. 

r  2 
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Igfij    -  Francis     Johnstone    de,     4    Arlington    Villas,    Clifton,    near 

Bri- 
1  981    Bp  DOB,  William,  Cork  Street  Foundry  and  Engineering  Works,  Dublin. 

1887.  Bpeneer,  Alexander,  77  Cannon  Street,  London,  E.C. 

1878,  Bpeneer,  Alfred  G  .  Messrs.  George  Spencer  and  Co.,  77  Cannon  Street, 

London,  E  C. 
1-77.  Bpeneer,  John,  Globe  Tube  Works,  Wrednesbury  [Tithes,   Wednesbury.']; 
I   :;   Queen   Btreet  Place,   Cannon  Street,  London,  E.C.      [Tubes, 
I. 
1807.  Spencer,  John  W.,  Newborn  Steel  Works,  Newcastle-on-Tyne.    [Newburn, 

■■'■  -<in-'r>jn<.~] 
1885.  Spencer,  Mountford,  Messrs.  Luke  and  Spencer,  Ardwick,  Manchester;  and 

The  Meadows,  Alderley  Edge,  near  Manchester. 
189  I    -  r,  1:       as,  Newburn  Steel  Works,  Newcastle-on-Tyne.     [Newburn, 

•TyneJ] 
r,  William,  Messrs.  James  Spencer  and  Co..  Chamber  Iron  Works, 
Hollinwood,  near  Manchester. 
1^5.  Bpoon  ■    lVivival,  Locomotive    Superintendent,   Bolan   Kailway, 

Hirol.h.    Beluchistan,    India;    and    Bron-y-garth,    Portmadoc,   R.S.O., 
I    rnarvonshire. 
1-*:;.   Bpooner,  Henry  John,  309  Regent  Street,  London,  W. 
.hi.  r,  James,  13  Effira  Road,  Brixton,  London,  S.W. 
1871  Hurst,  Queen'i  Chambers,  North  Street,  Wolverhampton. 

1871  r,     William     Harry,    Chemical      Laboratory    and    Testing   Works, 

B     dway,  Westminsb  r,  S.W, 

.  Harry   l  .   ok,  Messrs.  Pontifex  and  Wood,  Earringdon  Works, 
I  :..  B.O.;  and  84  Finsbnry  Park  Road,  London,  N. 

1888.  Stannah,  Joseph,  20  Southwark  Bridge  Road,  London,  S.E.  » 

eric   Barry,  Mansion   Souse  Chambers,  11  Qneen  Victoria 
I 
1-7-  'I  I    e  motire     Bnperintendent,    Oape    Goyernment 

1   .])'■  Town,  Oape  of  Good  Hope. 

G  Robert,  9   Victoria  Chambers,   17   Victoria  Street, 

[/'/•""/■<,/■,  London."] 
.  <  .urdoa  Le;  0  Draper  ■'  Gardens,  London,  I 

[Flux  l  a  /».] 

!-■  William    John,    A-k«  w    Hill,    Ronton,    Burton-on- 

1  r-  nt. 

.'••  ,  i.  I  I.,  si  i        i      .ii  1 1 '.n  Works,  Glasgow 

.    I  2   Victoria    Mansions,   28    Viotoria    Btreet, 
London.    8068.] 

11  1  01   r  \v        ■  •  ,    I..-:  ■  ;'•   !).    I.. I  '. 
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1887.  Stevenson,  David  Alan,  F.R.S.E.,  84  George  Street,  Edinburgh. 

1877.  Stewart,  Alexander,  Manager,    Messrs.  Thwaites   Brothers,  Vulcan  Iron 

Works,  Thornton  Road,  Bradford. 

1887.  Stewart,  Andrew,  41  Oswald  Street,  Glasgow. 

1878.  Stewart,  Duncan,  Messrs.  Duncan  Stewart  and  Co.,  London  Eoad  Iron 

Works,  Glasgow.     [Stewart,  Glasgow.     531.] 
1851.  Stewart,  John,  Blackwall  Iron  "Works,  Poplar,  London,  E.     [Steamship*, 

London.] 
18S8.  Stiff,  William  Charles,  Credenda    Seamless    Steel-Tube  Works,  Ledsam 

Street,  Birmingham. 
1880.  Stirling,  James,   Locomotive    Superintendent,   South    Eastern    Railway, 

Ashford,  Kent. 
1885.  Stirling,  Matthew,  Locomotive  Superintendent,  Hull  Barnsley  and  West 

Riding  Junction  Railway  and  Dock  Co.,  Hull. 
1S67.  Stirling,  Patrick,  Locomotive  Superintendent,  Great  Northern   Railway, 

Doncaster. 

1888.  Stirling,    Robert,    Locomotive    Department,     North    Eastern    Railway, 

Gateshead. 
1875.  Stoker,  Frederick  William,  Messrs.   Easton   and   Anderson,   Erith   Iron 

Works,  Erith,  S.O.,  Kent. 
1877.  Stokes,  Alfred  Allen,  Elmcote,  Godalming. 

1887.  Stone,  Frank  Holmes,  P.O.  Box,  Kingston,  Jamaica. 

1877.  Stothert,  George  Kelson,  Steam  Ship  Works,  Bristol. 

1888.  Strachan,  James,  Stenton,  near  Prestonkirk. 

1888.  Strak*  r,  Sidney,  M<>«rs.  Ewen  and  Btraker,  :!7  Walbrook,  London,  E.C. ; 

and  210  Stanstead  Road,  Forest  Hill,  London,  S.E. 
1891.  Stringer,  William,  20  Mount  Street,  Manchester. 
1S84.  Stronge,  Charles,  Locomotive  Department,  Porto  Alegreand  New  Hamburg 

Railway,  Sao   Leopoldo,  Rio   Grande   do   Sol,   Brazil :    (or   1   Albion 

Street,  Hyde  Park,  London,  W.) 
1873.  Strypc,  William  George,  115  Grafton  Street,  Dublin.     [Strype,  Dublin.'] 

1878.  Stuart,  Professor  James,  M.P.,  21  Grosvenoi  Road,  London,  S.W. 

1889.  Stuart-Hartland,  Dare  Arthur,  Messrs.  John  Fowler  and  Co.,  '-'>\  Dalliousie 

Squmv  Snath,  Calcutta,  India. 
1882.  Sturgeon,  John,  Shrublands,  Boole  Road,  Chester. 

1890.  Btntzer,  Waldemar,  Coltchngio  Bran  and  Copper  Mill  Co.,  Alexandra? 

Station,  Jaroslav  Railroad,  Russia. 
1882.  Sugden,    Thomas,     Babooek    and    Wilcox    Co.,    114    Newgate    s- 

London,  E.C. 
1890.  Sulzer,  Jacob,  M    sn   Bnlzer  Brothers,  Winterthnr,  Switzerland. 
18G1.  Bnmner,  William,  2  Brazennose  Street,  Bfanchesi  r. 
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1875.  Sutcliffe,  Frederic  John  Ranisbottom,  Engineer,  Low  Moor  Iron  Works, 

near  Bradford. 
I88&  Button,  Joseph  Walker,  36  Bedford  Street,  Strand,  London,  W.C.;  and 

Sunuyside  Cottage,  Thames  Ditton,  Surrey. 

1880.  Sutton,  Thomas,  Carriage  and  Wagon  Superintendent,  Furness  Railway, 

Barrow-in-Furness. 
1687.  Efoverkrop,    John    Peter,    Chief   Engineer,   East    Tennessee    Land    Co., 

Harriman,  Tonnes*    .  United  Status:  (or  1  Kew  Gardens  Road,  Kew, 

Sumy.) 
1882.  Swaine,  John,  Messrs.  Wright  Butler  and  Co.,  Panteg  Steel  Works,  near 

Newport,  Monmouthshire. 

1881.  Swan,  Joseph  Wilson,  57  Holborn  Viaduct,  London,  E.C. ;  and  Lauriston, 

Bromley,  Kent. 

1882.  Swinburne,  William,  Messrs.  Henry  Watson  and  Son,  High  Bridge  Wrorks, 

Xewcastle-on-Tyne ;  and  117  Tark  Road,  Neweastle-on-Tyne. 
Swindell,  James  Swindell  Evers,  dent  House,  Stourbridge. 
Swinerd,    Edward,    Superintendent,    Locomotive    Carriage    and  Wagon 
Department.-.  Rfogyana  Railway,  Campinas,  Brazil  :  (or  care  of  Messrs. 
Fry  Miers  and  Co.,  Suffolk  House,  Laurence  Pountney  Hill,  London, 
B.C.) 
1890.  Swinnerton,  Robert  Allen  William,  Executive   Engineer,  Public  Works 
irtment,  Elliehpore,  Berar,  India. 

1-7-.    I  .  •  ,  John  Oh  u •'•  -.  M   asrs.  Taite  and  Carlton,  G3  Queen  Victoria  Street, 

I  -   :.!:<'.    [1618.];  and  The  Corner  House,  Shortlands,  S.O.,  Kent. 
i---'    I  n  ly,  John  O'Brien,  London  and  North  Western  Railway,  Locomotive 

II  |    rtm  •.'. (  .•  ire;  and  l  Wellington  Villas,  Wellington  Square, Orewe. 
1875.    I  I  Messrs.      Tangjet,     Cornwall      Works,    Soho,     near 

B  rmingham.    [Tangyei,  Birmingham.'] 
1861.  Ti  Tangyi       I    rnwall    Works,    Soho,    near 

.■I  Aviary  Cottage,  Qlogan,  Dear  Bedruth. 
187  '   Tartt,  William,  Maythorn,  Blindley  Heath,  Godstone,  near  Bed  Hill. 
tnton,  Bichard  Hobbs,  10  Coleabill  Street,  Birmingham. 

.  Alexa!  .  1 1  i .- ,  77  Victoria  Boad,  Kilburn,  London,  N.W. 

M  -  Lahal  Tin  Mines,  Perak,  ril  Penang;   and 

i        .    Upper    Thames    Street,   London,  E.C. :    (or 
21  1,  i\-  n.-i-  -t  >n,  London,  W.) 

••a,  Mesn-H.  Buckley  and  Taylor,  Oastle  iron  Works,  Oldham. 
Midland  Foundry,  Queen's  Bond,  Nottingham. 

Messrs.  Taylor  and  Ohallen,  Derweni  Foundry, 
Birmingham.    [Dtrwent,  Birmingham,'] 
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1874.  Taylor,   Percy  vale,  Messrs.  Burthe  and  Taylor,  26   Rue  de  Caumartin, 

Paris  ;  and  21  Victoria  Road,  Kensington,  London,  W. 
1S82.  Taylor,    Robert    Henry,    55    Kent    House    Road,    Sydenham,    London, 

S.E. 
1882.  Taylor,  Thomas  Albert  Oakes,  Messrs.  Taylor  Brothers  and  Co.,  Clarence 

Iron  Works,  Leeds. 
1864.  Tennant,  Sir  Charles,  Bart.  {Life  Member),  The  Glen,  Innerleithen,  near 

Edinburgh. 

1882.  Terry,  Stephen  Harding,  Stafford  House,  Hednesford,  near  Stafford. 
1891.  Tetlow,  Ernest,  Messrs.  Tetlow  Brothers,  Bottoms  Iron  "Works,  Hollinwood, 

near  Manchester. 
1877.  Thorn,  "William,  Messrs.  Yates  and  Thorn,  Canal  Foundry,  Blackburn. 
1889.  Thomas,   James    Donnithorne,    25a    Old    Broad    Street,    London,    E.C. 

[Kooringa,  London.] 

1867.  Thomas,  Joseph  Lee,  2  Hanover  Terrace,  Ladbroke  Square,  Notting  Hill, 

London,  W. 
188S.  Thomas,  Philip  Alexander,  Cornwall  Buildings,  35  Queen  Victoria  Street, 

London,  E.C.     [Argument,  London.'] 
1864.  Thomas,  Thomas,  10  Richmond  Road,  Roath,  Cardiff. 

1874.  Thomas,  "William  Henry,  15  Parliament  Street,  Westminster,  S.W. 

1891.  Thompson,  James,  Highfield  Boiler  Works,  Ettingshall,  Wolverhampton. 
[Boil  r,  Wcivt  rhuiitjdon.'] 

1875.  Thompson,  John,  Highfield  Boiler  Works,  Ettingshall,  Wolverhampton. 

[BoiL  r,  Wolverhampton.] 

1883.  Thompson,    Richard    Charles,    Messrs.    Robert     Thompson    and     Sons, 

Southwick  Shipbuilding  Yard,  Sunderland. 
1880.  Thompson,  Thomas  William,  Eastham  Ferry  l'ier,  near  Birkenhead. 
1887.  Thompson,  William  Phillips,  6  Lord  Street,  Liverpool. 
1875.  Thome  n,  James  Melntyre,  Mi  Mrs.  John  and  Janus  Thomson,  Finnieston 

Engine    Works,    36    Finnieston    Street,    Glasgow.        [Engineering, 

Glaggow.~\ 

1868.  Thomson,  John,  Messrs.  John  and  James  Thomson,  Finnieston  Engine 

Work.-,  :;<;  Finnic-tun  Street,  Glasgow.    [Engineering,  QlaagowS] 
1889.  Thomson,  Robert  AfcNidar,  Kobe  Engine  Works,  Kobe,  Japan. 
L868.  Thornewill,  Robert,  Messrs.  Thornewill  and  Warham,  Burton  Iron  Works, 

Burton-on-Trent. 
18S5.  Thornley,   George,   M<  .--is.   Buxton   and   Thornley,  Waterloo  Engineering 

Works,  Burton-on-Trent. 
1877.  Thornton,  Frederic  William,  Palaoe  Chambers,  9  Bridge  Strect,Westmin.-t.  r, 

S.W. 
1882.  Thornton, Hawthorn  Robert, Lancashire  and  Yorkshire  Railway,  HoTwioh, 

iirur  Bolton. 
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B8&    Thornton,   Robert    Samuel,    West's    Patent    Press  Co.,   Etawah,   North 
W<  -t-  rn  Provinces,  India. 
'.  Thotnycroft,  John   Isaac,   Messrs.   John  I.  Thornycroft  and  Co.,  Steam 
•lit  and  Launch  Builders,  Church  Wharf,  Ghiswick,  London,  W. 
[Tkornyerofl,  London,"] 

bow,  William,  Locomotive  Engineer,  New  South  Wales  Government 
Railways,  Ereleigh  Workshops,  Sydney,  New  South  Wales :  (or  care 
of  Joseph  Meilbek,  7  Westminster  Chambers,  13  Victoria  Street, 
\v.  itminater,  B.W.) 

1884.  Thwaites,  Arthur  Hirst,  IMessrs.  Thwaites  Brothers,  Vulcan  Iron  Works, 

Bradford.     [Thwaites,  Bradford.    325.] 
J7,  Thwaites,  Edward  Hirst,  Messrs.  Thwaites  Brothers,  Vulcan  Iron  Works, 
Bradford. 
1891.  Tilh-y,  Albert,  Astilleros  del  Xervion,  Bilbao,  Spain. 

1885.  Tirnmt  rmans,  Francois,  Managing  Director,  Socie'te'  anonyme  des  Ateliers 

de  la  Meuse,  Liege,  Belgium.     [Societe  Meuse,  Liege.'] 
1884.  Timmi-,    Illius    Augustus,    2   Great    George   Street,   Westminster,   S.W. 
[Timmis,  London."] 

1886.  Tipping,  Henry,  38  Groom's  Hill,  Greenwich,  London,  S.E. 

.  Arthur,  Grarelly  Hill,  Birmingham. 

aical  Engineer,  Tncnman,  Estacion  Provincia, 
oblio:   (or  care  of  William  H.  Todd,  County  Buildings, 
i        1  -.f  Gr>  •  :.  Hull.) 

5.  Tonkins,  William  Steele,  Messrs.  Sharp  Stewart  and  Co.,  Adas  Works, 
Glasgow;   and  2  Victoria  l&ansioos,  28   Victoria  Street,  Westminster, 
-  W. 
7.  'I    .!  :       .  .1    ■;.:,.'i  i'i  [ory  Road,  West  Hempstead,  London,  N.W. 

Machinery  Department,  Boyal  Arsenal,  Woolwich, 
uchamp,  5  Queen  Ann''-  Gate,  Westminster,  S.W. 
Ufred,     H(     rs.     Hathorn     Davey    and    Co.,  Sun     Foundry, 

,  Henry  Robinson,  Yale  and  Towns  BCanufacti  >.,  Stamford, 

1  i   i      ted  Stal 

Dry  Dock  -  an  l  Engin<  Bring  ( 
Henry,  Machin  tment,  Royal  A  •  i  Dal,  Woolwich. 

1889.  Trcnerry,  William  Penro    .",'■'>  Vis  Hilano,  Genoa,  Italy. 

i;.  Henry,  2  1 1  1 1  ill  I;  ad,  LondoH| 

B  i. 

i    i    motto  and  (  Supi  i Intendent, 

'■  Kii         it  Kobe,  Japan:  (or  care  of  .Mr.-.  .Mary 

i  1,  if   -  Watford,  II.  ri 
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1887.  Trier,    Frank,  Messrs.    Brunton    and    Trier,   19    Great    George    Street, 

Westminster,  S.W. 
1885.  Trueman,    Thomas   Brynalyn,   Ferro   Carril   Bueaos    Aires    al  Pacifico, 

Junin,    Argentine  Republic :    (or  care  of   Thomas    R.   Trueman,    3 

The  Barons,  Twickenham.) 
1887.  Turnbull,  Alexander,  Messrs.  Alexander  Tumbull  and  Co.,  St.  Mungo 

Works,  Bishopbriggs,  Glasgow. 

1885.  Turnbull,  John,  Jun.,  255  Bath  Street,  Glasgow.     [Turbine,  Glasgow.'] 
1866.  Turner,  Frederick,  Messrs.  E.  R.  and  F.  Turner,  St.  Peter's  Iron  Works, 

Ipswich.     [Gippeswyh,  Tpsickh.] 

1886.  Turner,    George    Reynolds,    Vulcan    Iron    Works,   Langley    Mill,   near 

Nottingham  ;  and  81  Highgate  Road,  London,  X.W. 
18S7.  Turner,  Joshua  Alfred  Alexander,   Superintendent  and  Chief  Engineer, 

Government  Steam  Flour  Mills,  Poona,  India. 
1882.  Turner,  Thomas,  New  British  Iron  Works,  Corngreaves,  near  Birmingham. 
1886.  Turner,  Tom  Newsum,  Vulcan  Iron  Works,  Langley  Mill,  near  Nottingham. 

1876.  Turney,  Sir  John,  Messrs.  Turney  Brothers,  Trent  Bridge  Leather  Works, 

Nottingham.     [Turney,  Nottingham.] 
1891.  Tweddell,  Ralph  Hart,  14  Delahay  Street,  Westminster,  S.W.  [Tweddell, 

IT-  ttmintt*  r,  London."]  ;  and  Bfeopham  Court,  near  Gravesend. 
1882.  Tweedy,    John,    Messrs.    Wigham    Richardson    and    Co.,   Newcastle-on- 

Tyne. 
1856.  Tyler,   Sir   Henry  Whatley,   K.C.B.,   M.P.,   Pymmes   Park,    Edmonton, 

MiddL  i 

1877.  Tylor,  Joseph  John,  2  Newgate  Street,  London,  E.C. 

1889.  Tyrrell,  Joseph  John,  Messrs.  Clayton  and  Shuttle-worth,  Stamp  End  Iron 
Works,  Lincoln. 

1878.  Tyson,  Isaac  Oliver,  Ousegate  Iron  Works,  Selhy. 


1878.  Unwin,  William  Cawthorne,  F.R.S.,  Professor  of  Engineering,  City  and 
Guilds  of  London  Central  Institution,  Exhibition  Road,  Loudon,  S.W. ; 
an  1  7  Palace  Gate  Mansions,  Kensington,  London,  W. 

1875.  Urquhart,  Thomas,  Locomotive  Superintendent,  Grazi  and  Tsaritsin 
Railway,  B<>risoglebdk,  Taml  rnment,  liu.-sia. 

1880.  Valon,   William    Andrew    Mcintosh,    110   and    111     Temple    Chambers, 

Temple  Avenue,  London,  E.C. ;  ami  Bamsgate.    [Folon,  Bamsyato.] 
1885.  Vanghan,  William  Henry,  Royal  iron  Works,  West  Gorton,  Bfanchester. 

[Vaunting,  M<in<-}(<  >/.  /•. 
1862.  TaTassenr,  Josiah,   -<s    (Jnivrl    l.imr,  S<>uthwark,    London,  s.E. ;    and 
liothbury,  Blackheath  Park,  London,  S.E.    [J&semplar,  Londom] 
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.  Veeian,  John  Stuart  Ellis  de,  5  Crown  Court,  Chenpside,  London,  E.C. 
[Bio  ''<>».] 

1881.  Vicars,  .Tohu,  Messrs.  T.  and  T.  Vicars,  Furnace  Foundry,  Earlestown, 

V  wton-k-Willows,  Lancashire. 
".  Tickers,    Albert,   Messrs.  Vickers    Sons  and  Co.,  River    Don    Works, 

Sheffield. 
I.  Tickers,   Thomas  Edward,  Messrs.   Vickers  Sons  and  Co.,  Kiver  Don 

Works,  Sheffield. 
I  -"v.  V  ;.■-.  JT,  Henry  "Wesley,  1  Fordwych  Road,  Brondesbury,  London,  N.W. 

1883.  Waddell,  James,  9  Ashton  Terrace,  Dowanhill,  Glasgow. 

.  Waddington,  John,  35  King  "William  Street,  London  Bridge,  London, 
E.C. 
1879.  Wadia,  The  Hon.  Nowrosjee  Nesserwanjee,  C.I.E.,  Manager,  Manockjee 
Petit  Manufacturing  Co.,  Tardeo,  Bombay :  (or  care  of  Messrs.  Hick 
Hargreaves  and  Co.,  Soho  Iron  Works,  Bolton.)  [Wadia,  Tardeo, 
Bombay.] 

1882.  Wailas,  George  Herbert,  St.  Andrews,  Watford,  Herts. 

187&  Wafles,  John  William,  Calderbank  Steel  and  Coal  Co.,  Calderbank,  near 
Airdlie  ;  and  Monkland  House,  near  Airdrie. 

1884.  W.ul.  -.  Thomas  Waters,  General  Manager,  Mountstuart  Dry  Dock  and 

Engineering  Works,  Cardiff.     [Mountduart,  Cardiff.'] 
1888.  Waist*  r,    William   Henry,  Assistant   Locomotive   Superintendent,   Great 

W.  &  m  Railway,  Stafford  Koad  Works,  Wolverhampton. 
1881.  Wake,     Henry     Hay,     Engineer     to     the     Kiver    Wear    Commission, 
Sunderland. 

Bald,    William,   Locomotive  Superintendent,    Dublin   Wicklow  and 
[ford  Railway,  Grand  Canal  Street,  Dublin. 

Henry,  Temperance  Life  Buildings,  Swanston  Street, 

bourne,  Victoria. 

'.  rthnr  Tannett,  Ham  Tannett  Walker  and  Co.,  Goodman  Street 
ii:      t,  Lei 

.      ;.  M<-  re.  Tannett  Walker  and  Co.,  Goodman  Street 
Hanalet,  Leed  .    [TawneU  Walker,  Leeds.'] 
I.-  tdenball  Street,  London,  E.O. 
.  i :     •      i  Irore,  Newoaetie-on-Tyne. 
• .-,  John  '.  ft   am  J.  s.  Walker  and  Brother,  Pagefleld 

I  '■'•  ••  end  '•>  Alexandra  Road,  Sonthport     [Pagefleld, 

i--}-  V  London    Street,    Fenchnroh    street,    London, 

I I 

i-  ii:  id,  Birkenhead. 
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1S84.  Walker,  Sydney  Ferris,  Cardiff  Electrical  Works,  Severn  Road,  Cardiff 
[Dynamo,  Cardiff.};  and  Hunter's  Forge,  New  Bridge  Street,  Newcastle- 
on-Tyne.      [Dynamo,  Newcastle-on-Tyne.'] 

1876.  Walker,  Thomas  Ferdinand,  Ship's  Log  Manufacturer,  5S  Oxford  Street, 

Birmingham. 
1878.  Walker,  William,  Kaliemaas,  Alleyne  Park,  West  Dulwich,  London,  S.E. 
[Bromo,  London.} 

1890.  Walker,  William  George,  University  College,  Bristol. 

1863.  Walker,  William   Hugill,   Messrs.  Walker   Eaton  and  Co.,  Wicker  Iron 

Works,  Sheffield. 
1878.  Walker,  Zaccheus,  Jun.,  Fox  Hollies  Hall,  near  Birmingham. 
1881.  Walkinshaw,  Frank,  Hartley  Grange,  Winchfield. 
1884.  Wallace,  John,  Backworth  Collieries,  near  Xewcastle-on-Tyne. 

1884.  Wallau,  Frederick  Peter,  Messrs.  Harland  and  Wolff,  Belfast. 

1868.  Wallis,  Herbert,  Mechanical  Superintendent,  Grand  Trunk  Railway, 
Montreal,  Canada. 

1891.  Walmsley,  John,  Queen's  Mills,  Huddersfield. 

1865.  Walpole,  Thomas,  Messrs.  Ross  and  Walpole,  North  Wall  Iron  Works, 
Dublin.     [Iron,  Dublin.     311.] 

1877.  Walton,  James,  28  Mary  on  Road,  Charlton. 

1881.  Warburton,    John    Seaton,    49    New    Road,    Grays,    S.O.,    Essex;    and 

19  Stanwick  Road,  West  Kensington,  London,  W. 

1882.  Ward,  Thomas  Henry,  24  Church  Lane,  Smethwick,  near  Birmingham. 
1876.  Ward,  William  Mee.se,  Newton  Villa,  Claremont  Road,  Handsworth,  R.O., 

near  Birmingham. 

1864.  Warden,  Walter  Evers,  Phoenix  Bolt  and  Nut  Works,  Handsworth,  R.O., 

near  Birmingham.     [Bolts,  Birmingham.'] 
1882.  Wardle,  Edwin,  Messrs.  Manning  Wardle  and  Co.,  Boyne  Engine  Works, 

Hunslet,  Leeds.     [Manning,  Leeds.} 
1886.  Warren,   Frank   Llewellyn,  73  Breakspears   Road,   St.  John's,  London, 

S.E. 

1885.  Warren,  Henry  John,  Jun.,  Don  Pedro  Mining  Co.,  Morro  de  St.  Anna, 

Mariann;i,  Brazil  :  (or  Lynton  Villa.  Camborne.) 
1885.  Warren,  William,  cart:  of  Messrs.  Jardine  Matheson  and  Co.,  Hong  Kong, 
China  :  199  Winchester  Bouse,  London,  E.C.:  (or  care  of  Walter  B 
Hill  Top,  Blythe  Hill,  Catford,  Loudon,  S.E.)     [Wah/ul,  London  ;  or 

llninj    i\<)ll(J.~\ 

lss2.   War.-"]),  Henry,  Clarendon  Hotel,  Nottingham. 
1889.  Warsop,  Thomas,  Coniston  Copper  Mine.-,  Coniston,  B.O.,  Lancashire. 
185s.  Waterhonse,  Thomas  (/.//"<•  Vsmoar),  Claremont  Plaoe,  BhefBeld. 
lb'Jl.  Waterons,  Jnlins  El,  Waterons  Engine  W<        I    ..  Brentford,  Ontario, 
Canada. 
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1881.  Watkms,  Alfred,  2  Westcomhe  Turk  Bond,  Blackheath,  London,  S.E. 
-   _.  Watkins,  Richard,  71  Blenheim  Crescent,  London,  W. 

>,  Watkinson,  William  Henry,  Central  Higher  Band  School,  Orchard  Lane, 
Sheffield. 
1S90.  Watson,  George  Coghlan,  Manganese  Bronze  and  Brass  Co.,  St.  George's 
Wharf,  Deptford,  London,  S.E. ;  and  1  Farquharson  Road,  Croydon. 

.  Henry  Burnett,  Messrs.  Henry  Watson  and  Son,   High  Bridge 
Works,  NVwcastle-on-Tyne.     [Watsons,  Neiccastle-on-Tyiie.     439.] 
I  879.  Watson,  William  Renny,  Messrs.  Mirrlecs  Tait  and  Watson,  Glasgow. 
.    Watt,   Charles,   Melbourne   Cable   Tramway,  418  Little  Collins   Street, 

Melbourne,  Victoria. 
7.  Watts,  John,  Broad  Weir  Engine  Works,  Bristol. 

1886.  Weatherbnrn,   Robert,   Locomotive   Manager,  Midland   Railway  Works, 

K  ntish  Town,  London,  N.W. 
'.  Webb,  Richard  George,  Messrs.  Richardson   and    Cruddas,  Byculla  Iron 
Whiles,   Bombay,  India:  (or   care   of  Francis  Webb,  31  Southampton 
Buildings,  Chancery  Lane,  London,  E.C.). 

ter,  John  James,  39  Victoria  Street,  Westminster,  S.W. 

1887.  W  William,    care   of    Messrs.   J.   M.   Lyon   and  Co.,   Engineers, 

re. 
1883.  W<  ok,  Friedricb,  Cambridge  Buildings,  John  Bright  street,  Birmingham. 
tman,  Walter  James,  care  of  Messrs.  King  King  and  Co.,  Bombay, 
Indi  i 
]— .   Wellman,     Bamnel     T.,     Wellman    Iron    and    Steel     Works,     Thurlow, 
Pi  onsyWania,  Unit  I 

1882.  v>  Dickinson,  P  of  Mechanical  Engineering,  Imperial 

Engineering,  Tokyo,  Japan. 
II  II  rtley,  Naval  Architecl  and  Engineer,  14  Castle  Street, 

LiTerpooL    [Referee^  Liverpool."] 
v     •.  i.    :    •  i.  i; ,-,.  ahead  Plate  Qlasi  Works,  Bt.  Belen's,  Lancashire. 
1874,  fl  B6    Upper    Park    Bead,   Hampstead,   London, 

W. 

I;  '. -it.     Broadway    Chambers,    Westminster,    S.W. 
D  8199.] 

"7.  Western,    Uaximil  !,    care    of    Bombay     Burmah    Trading 

Cor]  i  a  (or  oare  of  Messrs.  Wallace  Brothers, 

!  London,  E.C. 

i.  Westgsrth,  Tom,  Met  th   English   and  Co.,   Middlesbrough. 

[Wedgartk  I  41.] 

.  i',ii<-i]:.i,;iii.  Sir  w.  c.  Armstrong  Mitchell  and 
•        i  Engine  Worl  I  yne ;  and   Bi  nwell   Hill, 

renstisH 
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1880.  Westmoreland,    John     William     Hudson,    Lecturer     on     Engineering, 
University  College,  Nottingham. 

1867.  Weston,   Thomas   Ahlridge,    Yale    and    Towne   Manufacturing  Co.,   G2 

Reade  Street,   New  York:    P.O.   Box  230,   Ridgewood,   New   Jersey, 
United  States. 

1880.  Westwood,  Joseph,    Napier   Yard,    Millwall,    London,    E.      [Weshcood, 

London.     5065.] 
1888.  Weyman,  James  Edwardes,  Messrs.  Weyman  and  Johnson,  Church  Acre 

Iron  Work;?,  Guildford. 
1884.  Whieldon,  John  Henry,  94  Victoria  Street,  Westminster,  S.W. 
1882.  White,  Alfred  Edward,  Borough  Engineer's  Office,  Town  Hall,  Hull. 

1887.  White,  Alfred  George,  Messrs.  Sundheim  and  Doetsch,  Huelva,  Spain. 
1874.  White,  Henry  Watkins,  23  Leadenhall  Street,  London,  E.C. ;  and  122 

Lavender  Hill,  London,  S.W. 
18S8.  White,  William  Henry,  C.B.,  F.R.S.,  Assistant  Controller  and  Director  of 

Naval  Construction,  Admiralty,  Whitehall,  London,  S.W. 
18S5.  Whitehead,  James  George,  Mechanical  Engineer,  Hacienda  San  Nicolas, 

Puerto  de  Supe,  Peru. 
1800.  Whitehouse,  Edwin  Edward  Joseph,  Monkbridge  Iron  Works,  Leeds. 
1876.  Whiteley,  William,  St.  Kilda,  Bickerton  Road,  Birkdale,  Southport. 
1865.  Whitley,  Joseph,    Railway   Works,  Hunslet    Road,    Leeds.      [Torpedo, 

Leeds.'] 
1S91.  Wiiittaker,  John,  Messrs.  William  Whi! taker  and  Sons,  Sun  Iron  Works. 

Oldham. 
1869.  Whittem,  Thomas  Sibley,  Wyken  Colliery,  Coventry. 

1888.  Whittle,  John,  Union  Railway  Wagon  Works,  Chorley. 

1878.  Whytehead,  Hugh  Edward,  North  Staffordshire  Tramways,  Stoke-on-Trent. 
1878.  Wicks,    Henry,    Messrs.   Burn   and    Co.,   Howrah    Iron   Works,  Howrah, 

Bengal,  India :    (or  care  of  John  Spencer,  125  West   Regent  Street, 

Glasgow.) 

1868.  Wicksteed,  Joaeph  Hartley,  Messrs.  Joshua  Buckton  and  Co.,  Well  House 

Foundry,  Meadow  Road,  Leeds. 
Is-.'!.  Widdowaoo,    John    Henry,    Britannia    Works,    Ordeal     Lane,     Sulford, 

Manchester. 
1878.  Widmark,     Harald     Wilhelm,     Helsingborgs     Mekaniska     Verkstad, 

Helsingborg,  Sweden. 
L889.  Wigham,  John   Biohardfl Meagre.   J.    Bdmnndson  and  Co.,  Stafford 

Works,  35  Cape!  Btreet,  Dublin. 

1881.  Wigzcll,  Eustace  Ernest,  Billiter  House,  Billitex  Btreet,  London,  E.C. 

IWigteU,  London.     L844.] 
L890.  Wild,  John,  Falcon  [ron  Work-,  Oldham.     [Falcon,  Oldham.'} 

.  Wilder,  John,  Yield  Hall  Foundry,  Beading. 
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".  Wildridge.  John,  Consulting  Engineer  and  Marine  Superintendent,  Eastern 
and  Australian  Steamship  Co.,  34   Leadcnliall  Street,  London,  E.C. ; 
and  care  of  Messrs.  Gibbs  Bright  and  Co.,  Pitt  Street,  Sydney,  New 
South  Wales. 
1S90.  Wildy,  William  Lawrence,  9  Castlegate,  Grantham. 

1888.  Willans,  Peter  William,   Messrs.    Willans  and  Robinson,  Ferry  Works, 

Thames  Ditton,  Surrey.     [Willans,  Thanu  sditton.] 
1SS5.  Willcox,  Francis  William,  45  West  Sunniside,  Sunderland. 
1S83.  Williams,    Edward    Leader,    Engineer,    Manchester     Ship    Canal    Co., 

41  Spring  Gardens,  Manchester.     [Leader,  Manchester.    688.] 
1SS4.  Williams,  John  Begby,  Messrs.  William  Gray  and  Co.,  Central  Marine 

Engineering  Works,  West  Hartlepool. 
1885.  Williams,  Nicholas  Thomas,  New  Morgan  Gold  Mining  Co.,  Dolgelly. 
1847.  Williams,  Richard,  Brunswick  House,  Wednesbury. 
1>90.  Williams,  Thomas  David,  Egremont,  Battle  Road,  Ore,  near  Hastings. 

1881.  Williams,  William  Freke  Maxwell,  29  Great  St.  Helen's,  London,  E.C. 

[Wabash,  London.'] 
1873.  Williams,    William    Lawrence,   1G  Victoria    Street,  Westminster,   S.W. 
[Snoicdon,  London.] 

1889.  Williams,   William   Walton,    Jun.,    Las  Trojes,  Maravatio,  Michoacan, 

M-  xico. 

1883.  Williamson,    Richard,    Messrs.    Richard     Williamson    and    Son,    Iron 

Shipbuilding  Yard,  Workington. 
Wilhnan,  Charles,  20  Albert  Road,  Middlesbrough. 
1878.  Wflson,  Alexander,  Messrs.  Charles  Cammell  and  Co.,  Cyclops  Steel  and 
Iron  Works.  Sheffield. 

1882.  Wflasn,  Alexander  Basil,  Holywood,  Belfast.    [Wilson,  Holywood.    201.] 
1872.  Wileon,  Alfred,  The  FITS,  Norton,  near  Stourbridge. 

.  Henry,  28  Pollard  Street,  South  shields. 

1884.  Wilson,    James,    Chief   Engineer   of    the   Daira    Sanieh,   Egypt;    Cairo, 

i  rjpt 
1*81.  Wilson,  John,  I  r,  Great  Eastern  Railway,  Liverpool  Street  Station, 

I  ,  i.i  .      WVson,  Eastern,  London.] 

,  .!      .  Charles,  24  Lincoln'!  Inn  Fields,  London,  W.O.    [Palaool, 

,  William,  Principal  of  School  of  Practical  Engineering, 
uliar/i,  London,  B.B. 
189"  ph  William,   .inn.,  Vice-Principal  <>f  Bohool  of  Practical 

Eng  i  .  Sydenham,  London,  ,v  B 

i--o.  u  Bride  Street,  London,  B.O.;  and 7 8t  Andrew*! 

PI      .  J  ndon,  N.W. 
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1883.  Wilson,  Robert,  7  Westminster  Chambers,  13  Victoria  Street,  Westminster, 
S.W. 

1890.  Wilson,  Robert  James,  Locomotive  Works,  Ferro  Carril  Central  Norte, 

Cordoba,  Argentine  Republic. 

1891.  Wilson,  Thomas,  Morro  Foundry,  Iquique,  Chile. 

1873.  Wilson,  Thomas  Sipling,  British  Vice-Consul,  Brettesnces,  Lofoten  Islands, 
Norway;  and  Messrs.  Holroyd  Horsfield  and  Wilson,  Larchfield 
Foundry,  Hunslet  Road,  Leeds :  (or  care  of  Messrs.  James  Bischoff  and 
Sons,  10  St.  Helen's  Place,  London,  E.C.) 

1888.  Wilson,  Walter  Henry,  Messrs.  Harland  and  Wolff,  Belfast. 

1881.  Wilson,  Wesley  William,  Messrs.  A.  Guinness  Son  and  Co.,  St.  James' 
Gate  Brewery,  Dublin. 

1891.  Wimshurst,  James  Edgar,  Messrs.  William  Esplen,  Son,  and  Swainston, 
Billiter  Buildings,  22  Billiter  Street,  London,  E.C. 

1890.  Winder,  Charles  Aston,  Messrs.  Winder  Brothers,  Royds  Works, 
Attercliffe,  Sheffield. 

1886.  Windsor,    Edwin    Wells,   1    Rue    du    Hameau    des    Brouettes,    Rouen, 

France. 
1890.  Wingfield,   Digby    Charles,    Messrs.   Thomas  Piggott  and   Co.,   Spring 
Hill,  Birmingham. 

1887.  Winmill,  George,  Locomotive  and   Carriage  Superintendent,  Oudh  and 

Rohilkund  Railway,  Lucknow,  India  :  (or  Hare  Street,  Romford.) 
1872.  Winstanley,  Robert,  Mining  Engineer,  28  Deansgate,  Manchester. 
1872.  Wise,  William  Lloyd,  46  Lincoln's  Inn  Fields,  London,  W.C.  [Lloyd  Wise, 

London.     2766.] 
1871.  Withy,  Edward,  Cleveland  House,  Remuera,  Auckland,  New  Zealand. 

1884.  Withy,   Henry,  Messrs.   Withy   and   Co.,   Middleton    Ship    Yard,   West 

Hartlepool.    [Withy,  West  Hartlepool.    4.] 
1878.  Wolfe,  John    Edward,   General    Manager,    Alagoas    Railway,    Maceio, 

Brazil :  (or  care  of  Rev.  Prebendary  Wolfe,  Arthington,  Torquay.) 
1878.  Wolfenden,  Richard,  17  Dudley  Street,  Moss  Side,  Manchester. 
1878.  Wolfenden,  Robert,  Revenue  Cutter  "Ling  Feng,"  care  of  Commissioner 

of    Customs,    Amoy,    China:     (or    17    Dudley     Street,    Moss    Side, 

Manchester.) 
1888.  Wolff,  Gustav  William,  Messrs.  Harland  and  Wolff,  Belfast. 
1881.  Wood,    Edward    Malcolm,  2  Westminster    Chambers,   3   Victoria   Street, 

Westminster,  S.W. 
1887.  Wood,  Henry,  Messrs.  John  and  Edward  Wood,  Victoria  Foundry,  Bolton. 
lss'O.  Wood,  John  Maekworth,  Engineer*!  Department, New  Birei  Water  Works, 

Clerkenwell,  London,  E.C. 
1868.  Wood,  Lindeay,  Mining  Engineer,  Southhill,  near  Chester-le-Street. 

1885.  Wood,  Etoberl  Henry,  15  Bainbriggc  Road,  Headingley,  Loeda 
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1884.  Wood,   Sidney  Preeoott,  Semaphore  Iron  Works,  Newport,  Melbourne, 

Victoria :   (or  cure  of  H.  W.  Little,  Messrs.  McKenzie  and  Holland, 

Vulcan  Iron  Works,  Worcester.) 
189  I,  Thomas  Royle,  Assistant  Locomotive  Superintendent,  Sola  Works, 

F.  rro  Oarril  del  Bnd,  Bnenos  Aires,  Argentine  Republic. 

.  William,  i  Wolfington  Road,  West  Norwood,  London,  S.E. 
1882.  WoodalL  Corbet,  Palace  Chambers,  9  Bridge  Street,  Westminster,  S.W. 
L888.  Woodford,  Etlielbert  George,  Broad  Street  Avenue,  London,  E.C. 
1887.  Worger,  Douglas  Fitzgerald,  Assistant  Engineer,  Soutbwark  and  Vauxhall 

AVutt  r  Works,  Soutbwark  Bridge  Road,  London,  S.E. 
1-74.  W<  rsdell,  Thomas  William,  Stonycroft,  Arnside,  near  Carnfortb. 
1  .>  \m  Worasam,  Charles  Smith,  35  Queen  Victoria  Street,  London,  E.C. 

Henry  John,  Messrs.  G.  J.  Worssam  and  Son,  Wenlock  Road, 

City  Road,  London,  N.     [Massroic,  London.     GG5G.] 
1886.  Worthington,  Charles  Campbell,  Messrs.  Henry  R.  Wortbington,  Hydraulic 

Works,   145  Broadway,  New  York,    United    States:   (or  care  of  tbe 

Worthington  Pumping  Engine  Co.,  153  Queen  Victoria  Street,  London, 

i:.c.) 

1---.  Worthin-ton,  Edgar,  Messrs.  Beyer  Peacock  and  Co.,  Gorton  Foundry, 

iter;  raid  243  Upper  Brook  Street,  Manchester. 
18G0.  Wortbington,  Samuel   Barton,  Consulting  Engineer,  33  Princess  Street, 
Manchester;    and    Mill    Bank,  Vicarage    Lane,   Bowdon,  R.O.,  near 
Altrincham. 
18GG.  Wren,  Henry,  Messrs.  Henry  Wren  and  Co.,  London  Road  Iron  Works, 

Manchester.    [TFrens,  Manchester.'] 
1881.  Wrench,   John   Merryn,   District  Engineer,  Indian    Midland   Railway, 

Jhansi,  N.w.  Provinces,  India. 
]*:<;.  Wright,  James,  Messrs.  Ashmore  Benson  Pease  and  Co.,  Stockton-on- 
l   •  i,      Wright,  Gatholder,  Stockton.    12.] 

at,  John  Boper,  Messrs.  Wright  Bntler  and  Co.,  Elba  Steel  Works, 
' ,    .  i  I:     i,  near  Swan 

.    Metropolitan    Ball  way-  Carriage    and    Wagon    Co., 
tley    Works,    Birmingham;  and   Arundel    House,    Lower    Road, 

hmonrl,  Sumy. 

.<:.    i»;   Qreat   George    Street    Westminster,   S.W. ;    and 
i  .  ;.         drt  Boad,  Upper  Norwood,  London,  S.E. 

!     •     .  i:      lj  i .,  (  |.  reland  Boad,  Baling,  London,  W. 

1871.   WrL'l.t-on,   Thorn;.  ,    '•!•        .    Head    Wrightson    and    Co.,    Teesdale   Iron 

G         i .    by  Manchester 
-.       :  ,  i      •:.      P.O.  B      155,  Joham  I  al,  South  Africa. 

!      :,  i  [and  worth,  B.0  ,  Birmingham. 
:  I  i,  Southport 
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1S83.  Wynne-Edwards,  Thomas  Alured,  Agricultural  Engineering  Works, 
Denbigh.     [Foundry,  Denbigh.'] 

1877.  Wyvill,  Frederic  Christopher,  19  East  Parade,  Leeds. 

1889.  Yarrow,  Alfred  Fernandez,  Isle  of  Dogs,  Poplar,  London,  E. 

1878.  Yates,  Henry,  Brantford,  Ontario,  Canada. 

18S2.  Yates,  Herbert  Rushton,  Assistant  Engineer,  Michigan  Air  Line  Railway 
Extension,  Pontiac,  Michigan,  United  States :  (or  care  of  Henry  Yates, 
Brantford,  Ontario,  Canada.) 

1881.  Yates,  Louis  Edmund  Hasselts,  District  Locomotive  Superintendent, 
Eastern  Bengal  State  Railway,  Sealdah,  Calcutta:  (or  care  of  Rev. 
H.  W.  Yates,  98  Lansdowne  Place,  Brighton.) 

1SS0.  York,  Francis  Colin,  Locomotive  Superintendent,  Buenos  Aires  and 
Pacific  Railway,  Junin,  Buenos  Aires,  Argentine  Republic :  (or  care 
of  Messrs.  Samuel  York  Sons  and  Co.,  Snow  Hill,  "Wolverhampton.) 

1S89.  Young,  David,  11  and  12  Southampton  Buildings,  London,  W.C. 

1879.  Young,  George  Scholey,  Engineer,  Thames  Iron  Works,  Orchard  Yard, 

Blackwall,  London,  E. 
1874.  Young,  James,    Managing  Engineer,  Lambton  Engine  and  Iron  Works, 

Fence  Houses. 
1879.  Young,  James,  Salroyd,  21  Cambalt  Road,  Putney,  London,  S.W. 
1887.  Young,  William  Andrew,  Messrs.  Lobnitz  and  Co.,  Renfrew,  near  Paisley. 

[Lohnitz,  lltnfrew.     57,  Paisley.] 
18S1.  Younger,  Robert,  Messrs.  R.  and  W.  Hawthorn  Leslie  and  Co.,  St.  Peter's 

Works,  Xewcastle-on-Tyne. 

1S85.  Zimmer,  (ieorge  Friedrich,  care  of  J.  Harrison  Carter,  82  Mark  Lane, 
London,  E.C. 
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1880.  Allen,   William    Edgar,    Imperial    Steel    Works,   Cross  George  Street, 

Sheffield. 
lv^l.  Barerofr,  Henry,  BeeBbrook  Spinning  Works,  County  Armagh,  Ireland;  and 

The  Glen,  Xewry,  Ireland. 
1  B89.  Barr,  John,  Glenfield  Engineering  "Works,  East  Shaw  Street,  Kilmarnock. 
1880.  BenniBon,  "William  Clyburn,  Messrs.  Samuel  Osborn  and  Co.,  Clyde  Steel 

and  Iron  "Works,  Sheffield. 
1890.  Birch,  John  Grant,  10  and  11  Queen  Street  Place,  London,  E.C. 

1888.  Brown,  Harold,  2  Bond  Court,  Walbrook,  London,  E.C. 

Hurt,  John   Bfowlem,  Messrs.  John  Mowlem  and  Co.,  19  Grosvenor  Road, 
Pimlico,  London,  S.W. 

.    Frederick   Ileathcotc,  9   Oxford  Street,  Manchester.      [Oirder, 
Mo*ehe$terJ] 

1889.  Castle,  Frederick  George,  The  People's  Palace  Technical  Schools,  Mile 

B    1  Bead,  London,  E. 
1889.  Chamberlain,  John  George,  Messrs.  Joseph   Wright  and  Co.,  Neptune 

Forge,  Tipton. 
1888.  Chrin-       I       rles   Edward,   Messrs.    Guest  and   Chrimes,   Brass   Works, 
B   th.  rliain. 
J7.  Chubb,    Edward    George,    Ironbridge    Gas    Works,    Ironbridge,   R.S.O., 
Shropshire. 
1  .    Richard,    Messrs.  Gillison    and  (hndwiek,   10  Tower   Buildings, 

Liverpool. 

Edward  Arnott,  Messrs.  William  Clowes  and  Sons,  Duko  Street, 
t,  London,  S.E.    [GUnoei,  London.    1558.] 
.  •   r  i  Mid  Paper  Works,  oeat  Sunderland.    [Ford, 

Eplton.    Nor.  TH  .  i 
i      .  Arthur  Godfrey,  Hunidpa]  Technical  School,  Birmingham, 
lirholme,  Capi.  I  i;.\\,  Heberleiii  Self-acting  Railway  Brako 

i  n.;i,  London,  E.C 

.  i  ,  Eieola  Foundry  Steel   Works,  Sheffield;  and  40  Dixon 

erham. 
i  William,  86  Chancery  Lane,  London,  W.< 

18>-  I    ri    Johann    Wilhelm,    Maura,   John    M.   Sumnex   and   Co., 

2  i.    i  -  .  ■   •    ' ;  ter. 
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1889.  Gregory,  George  Francis,  Boarzell,  Hawkhurst. 

1887.  Hind,  Enoch,  Edgar  Rise,  Nottingham. 

1891.  Jackman,  Joseph,  Persberg  Steel  Works,  Sheffield. 

1884.  Jackson,     Edward,     Midland     Railway-Carriage    and     Wagon     Works, 

Birmingham.     [Wagon,  Birmingham.'] 
1882.  Jackson,  William,  Kingston  Cotton  Mill,  Hull.     [Cotton,  Hull'] 
1891.  Jennings,  George  Henry,  Stangate,  Lambeth,   London,  S.E.     [Jennings, 

London.     4G80.] 

1890.  Jennings,  Sidney,  Stangate,  Lambeth,  London,  S.E.     [Jennings,  London. 

4680.] 
1884.  Livesey,  Sir  Joseph  Montague,  Bart.,  Stourton  Hall,  Horncastle. 
lSGo.  Longsdon,  Alfred,  9  New  Broad  Street,  London,  E.C. 
1SS1.  Lowood,  John    Grayson,   Gannister  Works,   Attercliffe   Road,   Sheffield. 

[Loicood,  SJieffield.     131.] 
1886.  Mackenzie,  Keith  Ronald,  Gillotts,  Henley-on-Thames. 
1868.  Matthews,   Thomas    Bright,    Messrs.    Turton    Brothers    and    Matthews, 

Phoenix  Steel  Works,  Sheffield.     [Matthews,  Sheffield.] 

1890.  McGillivray,   William,   Messrs.    Austin    McGillivray  and    Co.,    Falcon 

Works,  Sheffield.    [Austin,  Sheffield.] 

1889.  McKinnel,  William,  Messrs.  Samuel  Osborn  and  Co.,  Clyde  Steel  and  Iron 

Works,  Sheffield. 

1891.  McMeekin,  Adam,  Cogry  Flax  Spinning  Mills,  Doagh  R.S.O.,  Co.  Antrim, 

Ireland. 

1890.  Meggitt,  Samuel  Newton,  Messrs.  Ibbotson  Brothers  and  Co.,  Globe  Steel 

Works,  Sheffield. 
1889.  Milts,  William  Henry,  Town  Engineer,  Sanitary  Board,  Johannesburg, 
Transvaal,  South  Africa. 

1891.  Bionie,  Hngh,  Jun.,  Textile  Section,  Victoria  Jubilee  Technical  Institute, 

Byculla,  Bombay,  India  :  (or  care  of  Hugh  Monie,  Springfield,  Belfast.) 
1889.  Nasmith,  Joseph,  4  Arcade  Chambers,  St.  Mary's  Gate,  Manchester. 
18S7.  Neville,    Edward    Hermann,  Mes>rs.   Julius   G.    Neville    and   Co.,    Oriel 

Chambers,  Liverpool.    [Neville,  Liverpool.    3409.] 
1>S»;.  New  ton,  Henry  Edward,  6  Bream's  Buildings,  Chancery  Lane,  London, 

E.C. 

1888.  O'Sullivan.  Alfred  Timothy,  13  Henrietta  Street,  Swansea. 

1874.  Paget,    Berkeley,   Low   Moor  Iron   Office,   2   Laurence    Pountney    Bill, 
Cannon  Street,  London,  E.C.     [Gryphon,  London.] 

1886.  Peacock,  William  J.  P..  W.  lis  Street,  Oxford  Street,  London,  W. ;  and  41 

St.  James'  Street,  London,  S.W. 
1888.  Peake,  Robert  Cecil,  Cumberland  House,  Redbourn,  mar  St.  Albans. 
I*s7.   Pei-ch,  Henry,  Phoenix  Be.-s<  nu-r  Sti  el  Works,  Dear  Sheffield. 

1887.  Peech,  William  Henry,  Phoenix  1  91  el  Works,  Deal  Slu  field 

G    2 
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B.  Perry,  Edwin,  25  Bido,  Newcaetle-on-Tyne. 
381  Thillips,  Richard  Morgan,  21    to   24   State   Street,  New  York,  United 
States.    [Sarita,  \>  to  York."] 

1.  Pirrie,John  Barboox,  Barn  Flax  Spinning  Mills,  Carrickfergus,  Co.  Antrim, 
Ireland. 
Plant,  ( I  '      '  y  Road  School,  Birmingham. 

B  inkin,  Thomas  Thomson,  Principal,  Coatbridge  Technical  School  and 
W^  b1  i  E  Scotland  Mining  College,  Coatbridge. 
18SG.  Raven,  Henry  Baldwin,  Messrs.  Hare  and  Co.,  Temple  Chambers,  Temple 
Avenue,  London,  E.C. 
'.  Ridehalgh,  George  John  Miller,  Fell  Foot,  Newby  Bridge,  Ulverston. 
L.  Boekfort,   Bertram,  1  Fowkcs   Buildings,  Great  Tower  Street,  London, 
E.C.     [Bochfort,  London.] 
Rowcliffe,  William  Charles,  1  Bedford  Row,  London,  W.C. 
3.  Rowell,  John  Henry,  New  Brewery,  High  Street,  Gateshead. 
188.J.  Sandham,  Henry,  Keeper,  Science  and  Art  Department,  South  Kensington 
Museum,  London,  S.W. 
'<.  Schofield,    Christopher    J.,   Vitriol    and    Alkali    Work-,   Clayton,  near 

Manchester. 
'.  Schofield,  John  William,  Messrs.  Samuel  Osborn  and  Co.,  Clyde  Steel  and 
Iron  "Works,  Sheffield. 
-7.  Scott,  Walter,  Victoria  Chambers,  Grainger  Street  West,  Newcastle-on- 
Tyne.    [Contractor,  Nt  iooastie-on-Tyne.'] 
I    Spencer,    Francii    Henry,    Robinson    Gold    Mining  Co.,  Jolianncsburg 
Transraal,  South  Africa. 

,  The    Right  Hon.  Lord,  12  Upper   Brook  Street,  Grosvenor 
tare,  London,  W. 
Stamore,  Frederick,  :>l  LeadenhaU  Street,  London,  B.O. 
i.yior,  John,  99  and   101    FonthiU  Road,  Finabnry  Park,  London,  N. ; 
and  Stockport. 
i.  Tilfourd,  George,  Messrs.  Samuel  Otbora  and  Co.,  Clyde  steel  and  fron 
Works,  sie  (field. 

i  -      lemon,  PboBoix  Bessemer  Steel  Works,  near  Sheffield. 

-    .'       er,  Thou         I     n.  [saac  Tucker  and  Co.,  Turk'i  Head  Brewery, 

1 1 
••  \  I  Leeds. 

..   P  I    it.   Office,   20  Southampton    Buildings,    London, 
W.( 
;.  NVilliamsoi  oocs  and  Rngeley  Collieries,  He^neeford,  near 

:  .rd. 

Edmund,   Cheaptide   and    John    Street;    Luton.    [Wiseman, 
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1884.  Adam,  Frank,  Sir  W.  G.  Armstrong  Mitchell  and  Co.,  Elswick,  Neweastle- 

on-Tyne ;  and  89  Church  Street,  Stoke  Xewington,  London,  X. 

1885.  Addis.  Frederick  Henry,  District  Locomotive  Superintendent,  Rajputana 

Malwa  Railway,  Mhow,  India:  (or  care  of  Messrs.  Griudlay  and  Co., 

55  Parliament  Street,  London,  S.W.) 
1890.  Alderson,  George  Alexander,  15  Broadgate,  Lincoln. 
1874.  Allen,  Francis,   Messrs.   Allen   Alderson  and    Co.,  Gracechurch    Street, 

Alexandria,   Egypt :    (or  care   of  Messrs.   Stafford  Allen  and    Sons, 

7  Cowper  Street,  Finsbury,  London,  E.C.) 
1880.  Anderson,  Edward    William,  Messrs.  Easton   and   Anderson,  Erith   Iron 

"Works,  Erith,  S.O.,  Kent;  and  Roydon  Loilge,  Erith,  S.O.,  Kent. 

1882.  Anderson,  William,   Locomotive    Department,   North    Eastern  Railway, 

Leeds. 
1878.  Appleby,   Charles,   Jun.,   89  Cannon   Street,   London,  E.C.     [Appleby's, 
London.     1731.] 

1883.  Appleby,  Percy  Vavasseur,  22  Walbrook,  London,  E.C| 

1887.  Ashby,  Joseph  Harrison,  Dowlais  New  Furnaces,  East  Moors,  CardiSY  and 

Ascot  Heath,  Berkshire. 

1889.  Ashtbrd,  John,   Messrs.  Can  and  Ashford,  Apollo  Works,  Blews  St; 

Newtown  Bow,  Birmingham. 
1886.  Atkey,  Albert  Reuben,  Corporation  Water  Works,  Nottingham. 

1890.  Aubiu,  Percy  Adri  in,  29  St.  James'  Street,  St.  Helier's,  Jersey. 

1S88.  Bailey,  Wilfred  Daniel,  India-rubber  Gntta-percha  and  Telegraph  Works, 
1    -ilia  de  Com     L212,  Buenos  Aires,  Argentine  Republic. 

1888.  Barker,  Erie  Gordon,  Guyse  House,  Oxton,  R.O.,  near  Birkenhead. 

1889.  Barrow,  Arthur  Boberl  Maolean,  Locomotive  Department,  North  Western 

Bailway,  Bnkkur,  India:  (or  care  of  A.  M.  Barrow,  IS  Upper  Maze 

Hill,  St.  Leonard'.— oii-S.  a.) 
1882.  Barstow,  Thomas  1  lulu.-  .  M  inager,  Kaihu  Railway,  Dargaville,  Auckland, 

\   i  Zeal  l:i J. 
1888.  Bell,  Alexander  Din-m,  The  Woll,  Hawick 

1884.  Bell,  Robert    Arthur,  Locomotive  Department,  South   Indian  Bailway, 

Negapatam,    India:     (or   care   of    Mrs.    Bell,   30    Bromptou  Cm 
London,  S.W.) 


XC11  GRADUATES.  1891. 

-  '  ».  Boll.  William  Thomas,  Messrs.  Robey  and  Co.,  10  Kaiser  Wilhelmstrasse, 
Breslau,  Germany. 
I  380.  Birkett,  Herbert,  care  of  Messrs.  S.  G.  Sansinena  and  Co.,  Calle  Peru  12G, 
Buenos  Aires,  Argentine  Republic:   (or  G2   Green  Street,  Grosvenor 
Square,  London,  W.) 
L.  Bocquet,  Harry,  care  of  Arthur  E.  Shaw,  Estacion  Central,  Buenos  Aires, 
Argentine  Republic. :  (or  care   of  Mrs.  Bocquet,  73  Eardley  Crescent, 
London,  S.W.) 
1888.  Boulding,  Sidney,  Messrs.  Green  and  Boulding,  21  Featherstone  Street, 

London,  E.C. 

1SS6.  Bourne,  Thomas  Johnstone,  Clyde  Villa,  Southborough,  Tunbridge  Wells. 

5.  Bradley,  Arthur  Ashworth,  Robinson   Gold  Mining  Co.,  P.O.  Box  787, 

Johannesburg,  Transvaal,  South   Africa :    (or  care   of    Rev.    Gilbert 

Bradley,  St.  Edmund's  Vicarage,  Dudley,  Worcestershire.) 

1887.  Bremner,  Bruce  Laing,  33  London  Road,  Carlisle:  (or  Streatham  House, 

Canaan  Lane,  Edinburgh.) 
1S78.  Brooke,  Arthur,  Post  Office,  Otahuhu,  Auckland,  New  Zealand:  (or  care 
of  Miss  Helen  Brooke,  Sunnymead,  The  Rise,  Sidcup,  S.O.,  Kent.) 

1  n,   Robert  Percy,  Messrs.  Woodhouse  and  Rawson,   Cadby  Hall 
Works,  Hammersmith,  London,  W. 

1889.  Brown,  Arthur  Selwvn,  43  Portsdown  Road,  Maida  Vale,  London,  W. ; 

and  Sydney,  New  South  Wales. 
'.  Buckle,  William  Harry  Ray,  11  Billiter  Building?,  49  Leadenhall  Street, 
London,  E.C. 
188G.  Budenberg,    Christian    Frederick,    25   Demesne    Road,   Whalley   Range, 
M  aohi  -t<-r. 

1890.  Bum*-,  Edward  Lanrastcr,  21  Great  College  Street,  Westminster,  S.W. 
1879.  Burnet,    Lindsay,    Moore    Park    Boiler  Works,   Govan,   near    Glasgow. 

[/>'<///«''.   (ilasgow.     1513.] 

:.  Butober,  Walter  Edward,  Locomotive  Department,  London  Brighton  and 
i;    Iway,  Brighton;  and  17  Hamilton  Load,  Brighton. 
•  r,  Hugh  Myddleton,  Kirkatall  Forgo,  near  Leede. 
'.  Bnttenahaw,  <-    rgi    Eekholme,  If  earn.  Gneal  andChrimes,  Bra     Works. 
I:  tberham. 

John  Carloe,    LoeomotiTe    Department,  Midland    Railway, 
Kent        i      ■ .  London,  \.\V. 

■■-.■    Henry,  Wallaend  Pontoon  Co,  Boath  Docki,  Cardiff 
■   I  a,  Walter  Bernard,  Mei  ra,  Taylor  and  Ohallen,  Derwent  Foundry, 

aatttution  Hill,  Birmingham. 

Brunei,  Laneaehire  Safe  and  Lock  Worke,  Bolton. 
1891    I    arch,  B  ro,para  la  Colonia  Ban  Guatavn,  La  Paz,  BSntre 

reared  I  I  hnrch, Willington,  Bedford.) 
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1890.  Cleeves,  John  Frederick,  Rotherham.    [Cleeves,  Rotherham. ~\ 
1S85.  Clift,  Leslie  Everitt,  Fembank,  Pittville,  Cheltenham. 

18S3.  Clinkskill,  Alfred  Alphonse  Rouff,  Messrs.    James  Clinkskill  and  Son, 

1  Holland  Place,  St.  Vincent  Street,  Glasgow. 
1S89.  Cook,  George  Norcliffe,  Messrs.  Thomas  Firth  and  Sons,  Norfolk  Works, 

Sheffield. 
1888.  Cox,  Herbert  Henry,  Hillside,  Falmouth. 
1887.  Crosland,  Delevante  "William,  22   Royal  Crescent,   Kensington,  London, 

W. 

1891.  Cutler,  Samuel,  Jim.,  Messrs.  Samuel  Cutler  and  Sons,  Providence  Iron 

Works,  Millwall,  London,  E. 

1890.  Davidson,  Albert,  Messrs.  Hattersley  and  Davidson,  Arundel  Engineering 

"Works,  14  and  16  Arundel  Street,  Sheffield. 

1884.  Dixon,  John,  Eastwood  Villa,  Lytham,  near  Preston,  Lancashire. 

1891.  Douglass,  Alfred  Edwards,  Trinity  House,  London,  E.C. 

1891.  Drummond,  Hawtrcy   Marks,  care  of  Mrs.  Drummond,  145   Bruntsfield 

Place,  Edinburgh. 
1868.  Dugard,   William    Henry,    Messrs.    Dugard    Brothers,    Vulcan    Polling 

Mills,    Bridge    Street  West,  Summer   Lane,  Birmingham.     [Yulcan> 

Birmingham.] 
1891.  Duncan,  Martin  Gordon,  27  Dafforne  Road,  Upper  Tooting,  London,  S.W. 
1891.  Edwards,  Herbert  Francis,  Messrs.  Forster  Brown  and  Rees,  Guild  Hall 

Chambers,  Cardiff. 

1885.  Edwards,     Walter     Cleeve,      Assistant     Engineer,     Midland     Railway, 

Greymoutb,  New  Zealand. 
1887.  England,  William  Henry,  53  Hillary  Street,  Leeds. 
1875.  Ffolkes,   Martin   William   Brown,   28  Davies  Street,   Grosvenor  Square, 

London,  W. 

1890.  Garrett,  Frank,  Jun.,  Messrs.  Richard  Garrett  aud  Sons,  Leiston  Works, 

Leiston,  R.S.O.,  Suffolk. 

1891.  Gillatt,    Thomas    Stanley,    North     British    Railway    Works,    Cowlaiis, 

Glasgow. 

1886.  Grant,  Percy,  Sola  Works,  Ferro  Carril  del  Sud,  Buenos  Aires,  Argentine 

Republic 
1891.  Gregory,     Henry     Hodgefl     Mbgg,    Messrs.    James    Simpson    and    Co., 

101  Groerenox  Bead,  Pimlico,  London,  S.W. 
1890.  Hatton,  Thomai  Reginald,  The  Laurels,  Kington,  Herefordshire. 

I>>:».    Hayward,     Robert     Fianois,     BfeSSTS.     CromptOO     and     Co.,    Arc    Works, 

Chelmsford. 
1877.  Heaton,  Artlmr,   Mossrs.  Heaton  and  Dngard,  Metal  and  Wire  Works, 

Bhadwell  Street,  Birmingham.    [Heagardf  Birmingham."] 
1874.  Hedley,  Thomas,  P.  O.  Box  19,  Portland,  Oregon,  United  Btal 
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1883.  Hill,  John  Kershaw,  Engineer  and  Manager,  "West  Surrey  Water  "Works, 

Higli  Stro  t,  Walton-on-Thames. 
1891.  Hodgson,  William  James,  7  Clipstone  Avenue,  Nottingham. 

1887.  II  --.  William,  Craigmore,  Blackrock,  Dnblin. 

1SG7.  Holland,  George,     Mechanical    Department,     Grand     Trunk    Railway, 

Montreal,  Canada. 
1881.  Holt,  Follett,  Ferro  Carril  Buenos  Aires  y  Rosario,  Campana,  Argentine 

Republic:    (or  care   of  Robert  Hallett  Holt,   3  Devonshire  Terrace, 

Portland  Tlace,  London,  W.) 
1SS9.  Hosgood,  Thomas  Watkin,  26  Brunswick  Street,  Swansea. 

1.  Hosgood,    Walter     James,   Locomotive    Department,    Barry    Dock    and 

Railways,  Barry,  near  Cardiff. 
1889.  Hosken,  Arthur  Fayrer,  Messrs.  Neilson  and  Co.,  Hyde  Park  Locomotive 

Works,  Glasgow. 
Howard,  Geoffrey,  Britannia  Iron  Works,  Bedford. 

1888.  Howard,  Harry  James,  Messrs.  Colman's  Mustard  Mills,  Carrow  Works 

Norwich. 
'.  Hughes,  Edward  Sinclair  Bremncr,  Ericstane,  Helensburgh. 

Aithur  Dansey,  Locomotive  Works,   Lancashire   and   Yorkshire 
Railway,  Horwich,  near  Bolton. 
1891.  Jordan,  Frederic  William,  42  Wells  Street,  Mortimer  Street,  Cavendish 
S   oare,  London.  W. 

1889.  Joy.  Baal  Humbert^  Victoria  Chamb<  rs,  17  Victoria  Street,  Westminster, 

B.W. ;  and  Manor  Road  House,  Beckenham. 
188:;    La     ear,  Philip  Vincent,  Lyndhnrst,  Hampton  Wick,  R.O.,  Kingston-on- 
Thames:    (or   care    of   W.    W,    Lander,    Emperial    Ottoman    Bank, 

26  Throgmorton  Street,  London,  E.O.) 
1881.  Lawson,   James    Ibbs,    Resident    Engineer,    New    Zealand    Railways, 

Inv'  rcargill,  Otago,  New  Zealand. 
;■■•     I        i,  William  Thomas,  Jan.,  Engineer's  Office,  Bnte  Docks,  Cardiff;  and 

I.lwyn-yr-'  os,  Abi  rcanaid,  near  Bferthyr  TydflL 
1881.  M  -  •  i    ''     B       '1   Mackintosh,  lie  irs.    Booth    ftfacdonald    and    Co., 

I  ring  and  Implement  Works,  Christchnrch,  New  Zealand ; 

and  P.O.  B  i  89,  I  hristehuroh,  New  Zealand. 
1--:;.  M  .  i ,  Thomas  Brown,  Messrs.  J.  Oopeland  and  Co.,  Pulteney  street 

i.  (  :  and  842  Duke  Sta 1 t,  Glasgow. 

1883.    Malan.  !■  niidol,  J 1 1 1 1 1  ami   Bamslej    Railway,  Ilowdon. 

-.  Happ  •  .  Prank,  HW^m.  ThrnnaH  'Jurion  und  Son-,  sheaf  Works,  Sheffield. 
1889    "  rheodore,  M.  n     k.  and  W.  Hawthorn  L  die  and  Co., 

.n-Tyiic 

1888   M  Efabert   J:.        .   I     (tractor's  Offl      G  rn   Railway, 

ling  ;  and  l'«  dm 
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1886.  Mattos,  Alvaro  Gomes  de,  98  Rua  da  Sande,  Rio  de  Janeiro,  Brazil :  (or 

care  of  Messrs.  Fry  Miers  and  Co.,  Suffolk  House,  5  Laurence  Pountney 
Hill,  London,  E.C.) 

1887.  May,  Harold  Milton,  Lakemead,  Totnes. 

1891.  Mills,  Matthew  William,  Moss  Foundry,  Heywood,  near  Manchester. 
1867.  Mitchell,  John,  Swaithe  Hall,  Barnsley. 
186S.  Moor,  William,  Ocean  House,  Hartlepool. 

1878.  Newall,    John    Walker,     Suffolk     House,     Laurence     Pountney     Hill, 
London,  E.C. 

1882.  Noble,  Saxton  William  Armstrong,  Sir  W.  G.  Armstrong  Mitchell  and  Co., 

Elswick  Works,  Newcastle-on-Tyne. 

1883.  O'Connor,  John  Frederick,   16  and    18    Exchange  Place,    New    York, 

United  States. 
1883.  Osborn,  William  Fawcett,  Messrs.  Samuel  Osbora  and  Co.,  Clyde  Steel 

and  Iron  Works,  Sheffield. 
1881.  Oswell,  William  St.  John,  121  Calle  Defensa,  Buenos  Aires,  Argentine 

Republic. 

1889.  Paget,  Edgar  Lyon,  Messrs.  A.  Paget  and  Co.,  Loughborough. 

1883.  Palchoudhuri,  Bipradas,  Moheshgunj  Factory,  Krishnugher,  Bengal. 
1887.  Paterson,  John  Edward,  Locomotive  Engineer's  Office,  New  South  Wales 

Government  Railways,  Wilson  Street,  Eveleigh,  Sydney,  New  South 
Wales. 

1890.  Philipson,  John,  Jun.,  Messrs.  Atkinson  and  Philipson,  27  Pilgrim  Street, 

Newcastle-on-Tyne. 

1884.  Philipson,  William,  Mrssrs.  Atkinson  and  Philipson,  27  Pilgrim  Street, 

Newcastle-on-Tyne.     [Carriage,  NewcastL  •on-Tyne.     415.] 
1890.  Powell,  Frederick,  York  House,  Malvern  Link,  Malvern. 

1887.  Price-Williams,  John  Morgan,  Engineer's  Office,  Great  Northern  Railway, 

7  York  Road,  King's  Cross,  London,  N. 

1884.  Reynolds,  Thomas  Blair,  5  Great  George  Street,  Westminster,  S.W. 

1885.  Ripley,  Philip  Edward,  Bit  .-sr.~.   Ransomes  Sims  and  Jefferies,  Orwell 

Work-,  [pswich. 
18S9.  Roopc,    Walter,    Stisted,    Badulla,    Ceylon:    (or    care    of    Mrs.    R< 

27  Stafford  T.  n  -ington,  London,  W.) 

1884.  Roux,  Paul  Louis,  54  Boulevard  da  Temple,  Paris, 

1888.  Rummele,  Alfredo,  17  Via  Principe  Umberto,  Milan,  Italy. 

189u.  Bandera, Percy  Henry,  Messrs.  II    G-.  Sanders  and  Son,  Victoria  U 

Victoria  Gardens,  Notting  1 1  ill  Gate,  London,  w  . 
1890.  Sazelby,  Herbert   Raflfaelle,  Messrs.  J.  Copeland  and  Co.,  Poultnej  B 

Engine  Works,  Dobbiea  Loan,  Glasgow. 
1881.  Scott,  Ernest,  Close  Works,  Newcastle-on-Tyne.    [JE*      v>       i>(h-un-Tynt. 

482.] 
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1  B8&  Silcock,  Charles  Whitbread,  Wood  House,  Ely. 

lx^7.  Simkins,  Charles  Wiokens,  Jan.,  Ainguri  Tea  Estate,  Ainguri  Post  Office, 

Bibemgar,  As^mi,  India  :  (or  care  of  Charles  W.  Simkins,  The  Lodge, 

Lowdkam,  near  Nottingham.) 
1SS3.  Sirnpsou,  Charles  Liddell,  Messrs.  Simpson  and  Co.,  Engine  Works,  101 

Grosvenor  Road,  Pimlico,  London,  S.W.     [Aquosity,  London.'] 
1SS9.  Smith,  Henry  Buckley  Bingham,  Messrs.  Sharp  Stewart  and  Co.,  Atlas 

Works,  Glasgow. 
1S91.  Smith,    Joseph    Philip    Grace,     Polytechnic     School    of    Engineering, 

309  Regent  Street,  London,  W. 
1891.  Snell,  John  Francis  Cleverton,  Messrs.    Crompton  and  Co.,  4  Mansion 

House  Buildings,  Queen  Victoria  Street,  London,  E.C. 
1SS3.  Swale,  Gerald,  Ingfield,  Settle. 
Is>7.  Tabor,  Edward  Henry,  Fennes,  Braintree. 
I v  39.  Tangye,  Harold  Lincoln,  Messrs.  Tangyes,  Cornwall  Works,  Soho,  near 

Birmingham. 
1885.  Tangye,  John    Henry,  Messrs.   Tangyes,   Cornwall  Works,    Soho,  near 

Birmingham. 
1884.  Taylor,  Joseph,  19  Foskett  Road,  Fulham,  London,  S.W. 
1884.  Taylor,  Maurice,  4  Rue  la  Boetie,  Paris. 

1884.  Templeton,  Edwin  Arthur  Slade,  42  Boscombe  Road,  Shepherd's  Bush, 

London,  W. 
1889.  Treharne,  Gwilym  Alt  Sander,  Pontypridd;  and  Abcrdare. 
1891,  Vaizey,  John    Leonard,    LooomotiTe    Works,    Great    Eastern    Railway, 

itford,  London,  B. ;  and  o'  Grove  Crescent,  Stratford,  London,  E. 
1  -7-.  Waddington,  John,  Jun.,  35  King  William  Street,  London  Bridge,  London, 

i:.c 
1888.  Waddington,  Samuel  Sugden,  Langlej  Villa,  42  Colfo  Road,  Forest  Hill, 
I.  ndon,  S.E. 

1885.  Wak'fitld,  William  Biarsdi  m,   Bnokingham   House,  Government  Place, 

'•    .1    dia. 

1881.  Walker,  Balph  T<        1--,  Fabrick  Olean, Sitoebondo,  Java :  (or  Kaliemaas, 

All  '■  i  -t  Dulu  i'-h,  London,  8.E.) 

i---.  v.  .',i!  Engineer,  Dublin  Laundry  Co.,  Milltown,  near  Dublin ; 

and  10  Frankfort  Avenue,  Bathgar,  Dublin, 
i--*;.  w.  j, b  a  ,  Clarke'i  Crank  and  Forge  Work.-.  Lincoln. 

!--.'{.  W  •.  Ilenrj  Armstrong,  Sir  W.  G.  Armstrong  Mitchell  and  Co., 

i.  '■',  \,  ,.,     kle-on-Tjnei  and  Benwell  Sill,  Newcastle-on- 

'i  • 

itb,  ]  ,  88  Alfred  Boad,  Alton,  London,  W. 

i---    v.:.    bel      B    bard,  M.   m.  Hai   tfothmann  and  Co.,  Jiio  de  Janeiro, 

Bras  i  i  Trumpiogton  Si  re<  t,  <  Sambridg 
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1889.  Wigham,  John  Cuthbert,  Messrs.  J.  Edmundson  and  Co.,  Stafford  Works, 

35  Capel  Street,  Dublin. 
18S9.  Willis,  Edward  Turnlcy,   99  Shooter's  Hill  Road,  Blackheath,  London, 

S.E. 
1S90.  Wilson,  Alexander  Cowan,  care  of  Wilson  Hartnell,  Benson's  Buildings, 

Park  Row,  Leeds;  and  Osgathorpe  Hills,  Sheffield. 
1S89.  Winkfield,  Richard  Ernest,  Electric   Light  Department,  Great  Western 

Railway,  Paddington,  London,  W. 

1890.  Winmill,  Hallett,  Engineer,  Pigg's  Peak  Gold  Mining  Co.,  Swaziland, 

South  Africa  ;  care  of  E.  Taylor,  Barberton,  Transvaal,  South  Africa  : 
(or  care  of  C.  C.  Winmill,  14  Hamfrith  Road,  Stratford,  London,  E.) 

1887.  Wrench,  John  Henry  Kirke,  80  Bismark  Court,  Chicago,  United  States : 

(or  care  of  E.  M.  Wrench,  Park  Lodge,  Baslow,  Chesterfield.) 

1889.  Wright,  Howard  Theophilus,  16  Great  George  Street,  Westminster,  S.W. 

1890.  Wright,  William  Carthew,  General  Post  Office,  Melbourne,  Victoria  :  (or 

care  of  Dr.  Gaskoin  Wright,  253  Eccles  Xew  Road,  Salford,  Manchester.) 

1888.  Yates,  Edward,  Wolverton  Road,  Stony  Stratford. 

1891.  Yerbury,  Frederick  Augustus,  17  Victoria  Street,  Westminster,  S.W. 


:ii  > . . . 


THE  INSTITUTION  OF  MECHANICAL  I 


omme  of   (be    Association 


2nd.  1  jistered  Office  of  the  Association  will  be 

England. 


3rd.  The  objects  far  which  the 


7 
Engineering  and   all   branches  of 
and  to  give  an  impuls  entions  to  be  iifnl  to  the 

TO:..'.:-   .. :'  ;'„•.   I:>:l;u:i   :.   ••"-  -  :     '-■-    c  n-:::y  ^   ".^rr-:. 

(i  enable    Mechanical   Engineers  to   meet  and 

to  correspond,  and  to  facilitate  the  interchange  of  ideas 
respecting  improvements  in  the  varans  branches  of 
f  rhifiiril  science,  and  the  f  hikntion 


d. 


(n.)  To  do  all 
attainment  of  the  above  objects  or  any  of 
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4th.  The  income  and  property  of  the  Association,  from  whatever 
source  derived,  shall  be  applied  solely  towards  the  promotion  of 
the  objects  of  the  Association  as  set  forth  in  this  Memorandum  of 
Association,  and  no  portion  thereof  shall  be  paid  or  transferred 
directly  or  indirectly,  by  way  of  dividend,  bonus,  or  otherwise 
howsoever,  by  way  of  profit  to  the  persons  who  at  any  time  are 
or  have  been  Members  of  the  Association,  or  to  any  of  them,  or 
to  any  person  claiming  through  any  of  them  :  Provided  that 
nothing  herein  contained  shall  prevent  the  payment  in  good  faith 
of  remuneration  to  any  officers  or  servants  of  the  Association,  or 
to  any  Member  of  the  Association,  or  other  person,  in  return  for 
any  services  rendered  to  the  Association,  or  prevent  the  giving  of 
privileges  to  the  Members  of  the  Association  in  attending  the 
meetings  of  the  Association,  or  prevent  the  borrowing  of  money 
(under  such  powers  as  the  Association  and  the  Council  thereof  may 
possess)  from  any  Member  of  the  Association,  at  a  rate  of  interest 
not  greater  than  five  per  cent,  per  annum. 

5th.  The  fourth  paragraph  of  this  Memorandum  is  a  condition 
on  which  a  licence  is  granted  by  the  Board  of  Trade  to  the 
Association  in  pursuance  of  Section  23  of  the  Companies  Act  1867. 
For  the  purpose  of  preventing  any  evasion  of  the  terms  of  the 
Baid  fourth  paragraph,  the  Board  of  Trade  may  from  time  to  time, 
on  tlio  application  of  any  Member  of  the  Association,  impose  further 
conditions,  which  shall  be  duly  observed  by  the  Association. 

6 th.  If  the  Association  act  in  contravention  of  the  fourth 
paragrapli  of  this  Memorandum,  or  of  any  such  furthor  conditions, 
the  liability  of  every  Member  of  the  Council  shall  be  unlimited  ; 
and  the  liability  of  every  Member  of  the  Association  who  has  received 
any  such  dividend,  bonus,  or  other  profit  as  aforesaid,  shall  likewise 
be  unlimited. 

7th.  Every  Member  of  the  Association  undertake!  to  contribute 
to  the  Assets  of  tho  Association  in  the  event  of  the  samo  being 
wound  up  during  tho    time   that   ho  is   a    Member,   or    within   one 
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year  afterwards,  for  payment  of  the  debts  and  liabilities  of  the 
Association  contracted  before  the   time   at  which  he  ceases   to   be 

1  Member,  and  of  the  costs,  charges,  and  expenses  for  winding  up 
the  same,  and  for  the  adjustment  of  the  rights  of  the  contributories 
amongst  themselves,  such  amount  as  may  be  required  not  exceeding 
Five  Shillings,  or  in  case  of  his  liability  becoming  unlimited  such 
other  amount  as  may  be  required  in  pursuance  of  the  last  preceding 
paragraph  of  this  Memorandum. 

8th.  If  upon  the  winding  up  or  dissolution  of  the  Association 
there  remains,  after  the  satisfaction  of  all  its  debts  and  liabilities, 
any  property  whatsoever,  the  same  shall  not  be  paid  to  or  distributed 
among  the  Members  of  the  Association,  but  shall  be  given  or 
transferred  to  some  other  Institution  or  Institutions  having  objects 
similar  to  the  objects  of  the  Association,  to  be  determined  by  the 
Members  of  the  Association  at  or  before  the  time  of  dissolution ;  or 
in  default  thereof,  by  such  Judge  of  the  High  Court  of  Justice  as  may 
have  or  acquire  jurisdiction  in  the  matter. 
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Articles  oi  Slssociuttoit. 


August  187S. 


INTRODUCTION. 

"Whereas  an  Association  (hereinafter  called  "  the  existing 
Institution ")  called  "  The  Institution  of  Mechanical  Engineers " 
has  long  existed  for  objects  similar  to  the  objects  expressed  in 
the  Memorandum  of  Association  of  the  Association  (hereinafter 
called  "the  Institution")  to  which  these  Articles  apply,  and  the 
existing  Institution  consists  of  Members,  Graduates,  Associates,  and 
Honorary  Life  Members,  and  is  possessed  of  books,  drawings,  and 
property  used  for  the  objects  aforesaid  ; 

And  whereas  the  Institution  is  formed  for  furthering  and 
extending  the  objects  of  the  existing  Institution,  by  a  registered 
Association,  under  the  Companies  Acts  18G2  and  18G7 ;  and  terms 
used  in  these  Articles  are  intended  to  have  the  same  respective 
meanings  as  they  have  when  used  in  those  Acts,  and  words  implying 
tho  singular  number  are  intended  to  include  the  plural  number, 
and  vice  versa ; 

NOW    THEREFORE    IT    IS    HEREBY    AGREED    aS    follows  I  — 


CONSTITUTION. 

1.  For  the  purpose  of  registration  the  number  of  Members  of 
the  Institution  is  unlimited. 
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MEMBERS. 

"2.  The   subscribers   of    the    Memorandum   of   Association,   and 
h  other  persons  as  shall   be  admitted  in  accordance  with  these 

Articles,  and  none  others,  shnll  be  Members  of  the  Institution,  and 

be  entered  on  the  register  as  such. 

3.  Any  person  may  become  a  Member  of  the  Institution  who, 
being  a  Member  of  the  existing  Institution,  shall  agree  to  transfer 
his  membership  of  the  existing  Institution,  and  all  rights  and 
obligations  incidental  thereto,  to  the  Institution,  and  to  be  registered 
.is  a  Member  of  the  Institution  accordingly. 

4.  Any  person  may  become  a  Member  of  the  Institution  who 
11   be   qualified  and  elected   as  hereinafter  mentioned,  and  shall 

e  to  become  such  Member,  and  shall  pay  the  entrance  fee  and 
subscription  accordingly. 

5.  The  rights  and  privileges  of  every  Member  of  the  Institution 
.1    be    personal    to    himself,    and    shall    not   be    transferable    or 

transmissible  by  his  own  act  or  by  operation  of  law. 


QUALIFICATION  AND  ELECTION  OF  MEMBERS. 

I  he   qualification   of  Members  shall    be    prescribed  by   the 

from  time  to  time  in  force,  SS  provided  by  the  Articles. 


7.  The  « Lection  of  Biembers  shall  bo  conducted  as  prescribed 
by  the  Bj-lawi  from  time  to  time  in  force,  as  provided  by  the 
Articles. 
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GKADUATES,  ASSOCIATES, 
AND  HONOKARY  LIFE  MEMBEES. 

8.  Any  person  may  become  a  Graduate,  Associate,  or  Honorary 
Life  Member  of  the  Institution,  who,  being  already  a  Graduate, 
Associate,  or  Honorary  Life  Member  of  the  existing  Institution, 
shall  agree  to  transfer  his  interest  in  the  existing  Institution,  and  all 
rights  and  obligations  incidental  thereto,  to  the  Institution. 

9.  The  Institution  may  admit  such  other  persons  as  may  be 
hereafter  qualified  and  elected  in  that  behalf  as  Graduates,  Associates, 
and  Honorary  Life  Members  respectively  of  the  Institution,  and 
may  confer  upon  them  such  privileges  as  shall  be  prescribed  by  the 
By-laws  from  time  to  time  in  force,  as  provided  by  the  Articles  : 
Provided  that  no  Graduate,  Associate,  or  Honorary  Life  Member 
shall  be  deemed  to  be  a  Member  within  the  meaning  of  the  Articles. 


*o 


10.  The  qualification  and  mode  of  election  of  Graduates, 
Associates,  and  Honorary  Life  Members,  shall  be  prescribed  by 
theJBy-laws  from  time  to  time  in  force,  as  provided  by  the  Articles. 

ENTRANCE  FEES  AND  SUBSCPJPTIONS. 

11.  The  Entrance  Fees  and  Subscriptions  of  Members,  Graduates, 
and  Associates,  shall  be  prescribed  by  the  By-laws  from  time  to 
time  in  force,  as  provided  by  the  Articles :  Provided  that  no  Entrance 
Fee  shall  be  payable  by  a  Member,  Graduate,  or  Associate  of  the 
existing  Institution. 

EXPULSION. 

U.  If  any  Member,  Graduate,  or  Associate  shall  leavo  his 
subscription  in  arrear  for  two  years,  and  shall  fail  to  pay  such 
arrears  within  three  months  after  a  written  application  lias  1 
sent  to  him  by  the  Secretary,  Lis  name  may  be  struck  off  tho  list  of 
Members,  Graduates,  of  Associates,  as  the  case  may  be,  by  the 
Council,   at   any   time   afterwards,  and   lie   shall   thereupon  eeaso   to 

n 
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have  any  rights  as  a  Member,  Graduate,  or  Associate,  but  be  shall 
nevertheless  continue  liable  to  pay  the  arrears  of  subscription  due 
at  the  time  of  his  name  being  so  struck  off:  Provided  always,  that 
this  regulation  shall  not  be  construed  to  compel  the  Council  to 
remove  any  name  if  they  shall  be  satisfied  the  same  ought  to  be 
retained. 

13.  The  Council  may  refuse  to  continue  to  receive  the 
subscriptions  of  any  person  who  shall  have  wilfully  acted  in 
contravention  of  the  regulations  of  the  Institution,  or  who  shall 
in  the  opinion  of  the  Council  have  been  guilty  of  such  conduct 
as  shall  have  rendered  him  unfit  to  continue  to  belong  to  the 
Institution  ;  and  may  remove  his  name  from  the  list  of  Members, 
Graduates,  or  Associates  (as  the  case  may  be),  and  such  person  shall 
thereupon  cease  to  be  a  Member,  Graduate,  or  Associate  (as  the  case 
may  be)  of  the  Institution. 

GENERAL  MEETINGS. 

14.  The  first  General  Meeting  shall  be  held  on  such  day, 
within  four  months  of  the  registration  of  the  Institution,  as  the 
Council  shall  determine.  Subsequent  General  Meetings  shall  consist 
of  the  Ordinary  Meetings,  the  Annual  General  Meeting,  and  of 
Special   Meetings  as  hereinafter  defined. 

15.  The  Aimiiitl  General  Meeting  shall  take  place  in  London  in 
one  of  the  first  four  months  of  every  year.  The  Ordinary  Meetings 
shall  take  place  at  such  times  and  places  as  the  Council  shall 
detenu 

10.  a  ting  may  bo  convened  at  any  time  by  the 

I  !.  and   shall   bo  convened   by  them    win  oev<  r  a  requisition 

mix  n  of  the  institution,  specifying  the  object 

of  with  the  Secretary.     If  for  fourteen  days 

;ifi.  of  such  requisition   a  Meeting  be  not  convened 

rewith,  the  Bequisitionists  or  any  twenty  Members 
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of   the    Institution  may   convene   a  Special  Meeting  in  accordance 
with  the  requisition.     All  Special  Meetings  shall  be  held  in  London. 

17.  Seven  clear  days'  notice  of  every  Meeting,  specifying  generally 
the  nature  of  any  special  business  to  be  transacted  at  any  Meeting, 
shall  be  given  to  every  Member  of  the  Institution,  and  no  other 
special  business  shall  be  transacted  at  such  Meeting ;  but  the  non- 
receipt  of  such  notice  shall  not  invalidate  the  proceedings  of  such 
Meeting.  No  notice  of  the  business  to  be  transacted  (other  than 
such  ballot  lists  as  may  be  requisite  in  case  of  elections)  shall  be 
required  in  the  absence  of  special  business. 

18.  Special  business  shall  include  all  business  for  transaction  at  a 
Special  Meeting,  and  all  business  for  transaction  at  every  other 
Meeting,  with  the  exception  of  the  reading  and  confirmation  of  the 
Minutes  of  the  previous  Meeting,  the  election  of  Members,  Graduates, 
and  Associates,  and  the  reading  and  discussion  of  communications 
as  prescribed  by  the  By-laws,  or  any  regulations  of  the  Council 
made  in  accordance  with  the  By-laws. 


PROCEEDINGS    AT    GENERAL    MEETINGS. 

19.  Twenty  Members  shall  constitute  a  quorum  for  the  purpose 
of  a  Meeting  other  than  a  Special  Meeting.  Thirty  Members  shall 
constitute  a  quorum  for  the  purposes  of  a  Special  Meeting. 

20.  If  within  thirty  minutes  after  the  time  fixed  for  holding  the 
Meeting  a  quorum  is  not  present,  the  Meeting  shall  be  dissolved,  and 
all  matters  which  might,  if  a  quorum  had  been  present,  have  been 
done  at  a  Meeting  (other  than  a  Special  Meeting)  so  dissolved,  may 
forthwith  be  done  on  behalf  of  the  Meeting  by  the  Council. 

21.  The  President  shall  bo  Chairman  at  every  Meeting,  and  in 
his  absence  one  of  the  Vice-Presidents  \   and  in  the  absence  of  til 

Vice-Presidents  a  Member  of  Council  shall  take  the  chair;  and  il 

ii  -2 
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no  Member  of  Council  be  present  and  willing  to  take  the  cbair,  the 
Meeting  shall  elect  a  Chairman. 

22.  The  decision  of  a  General  Meeting  shall  be  ascertained  by 
show  of  hands,  unless,  after  the  show  of  hands,  a  poll  is  forthwith 

landed,  and  by  a  poll  when  a  poll  is  thus  demanded.  The 
manner  of  taking  a  show  of  hands  or  a  poll  shall  be  in  the 
discretion  of  the  Chairman,  and  an  entry  in  the  Minutes,  signed 
by  the  Chairman,  shall  be  sufficient  evidence  of  the  decision  of 
the  General  Meeting.  Each  Member  shall  have  one  vote  and  no 
more.  In  case  of  equality  of  votes  the  Chairman  shall  have 
a  second  or  casting  vote :  Provided  that  this  Article  shall  not 
interfere  with  the  provisions  of  the  By-laws  as  to  election  by  ballot. 

23.  The  acceptance  or  rejection  of  votes  by  the  Chairman  shall 
be  conclusive  for  the  purpose  of  the  decision  of  the  matter  in  respect 
of  which  the  votes  are  tendered :  Provided  that  the  Chairman  may 
review  his  decision  at  the  same  Meeting  if  any  error  be  then  pointed 
out  to  him. 

BY-LAWS. 

21.  The  By-laws  set  forth  in  the  schedule  to  these  Articles,  and 
:i  altered  and  additional  By-laws  as  shall  be  added  or  substituted 
as  hereinafter  mentioned,  shall  regulate  all  matters  by  the  Articles 
left  to  be  prescribed  by  the  By-laws,  and  all  matters  which 
consistently  with  the  Articles  shall  be  made  the  subject  of  By-laws. 
Alterations  in.  and  additions  to,  the  By-laws,  may  be  made  only  by 

dution  of  the  Members  at  an   Annual   General  Meeting,  after 

notice   of    the    proposed    alteration     or    addition    announced    at    the 
II  Ordinary  Meeting,  and  not  otherwi 

COUNCIL. 

25.    i.     Council  of  the  Institution    shall   bo  ohoseo  from  the 

only,  and    shall    consist    of    ouo    President,    six    Vicc- 
d  ordinary  .Members  of  Council,  and  of  the  1'ast- 
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Presidents ;  and  the  first  Council  (which  shall  include  Past-Presidents 
of  the  existing  Institution)  shall  be  as  follows: — 

PRESIDENT. 

John  Robinson Manchester. 

PAST-PRESIDENTS. 

Sir  William  G.  Armstrong,  C.B.,  D.C.L.,  LL.D.,  F.R.S.  Newcastle-on-Tyne. 

Frederick  J.  Bramwell,  F.R.S London. 

Thomas  Hawksley London. 

James  Kennedy Liverpool. 

John  Purer,  F.R.S London. 

John  Ramsbottom Manchester. 

C.  William  Siemens,  D.C.L.,  F.R.S London. 

Sir  Joseph  Whit-worth,  Bart.,  D.C.L.,  LL.D.,  F.R.S.    .  Manchester. 

VICE-PRESIDENTS. 

I.  Lowthian  Bell,  M.P.,  F.R.S Northallerton. 

Charles  Cochrane Stourbridge. 

Edward  A.  Cowper London. 

Charles  P.  Stewart London. 

Frav  i-  W.  Webb Crewe. 

Pmoi  <■.   B.  Wmtmacott Newcastle-on-Tyne. 

COUNCIL. 

Daniel  Ai  ...  Manchester. 

JOHX  Anxnaov,   I.I..D.,  F.R.S.K London. 

Hi  Bnn    I  l London. 

Henry  Chapman ...  London. 

Edward  ElffTOB       ...  London. 

Dayih  Qbdg Lecd>. 

Jkbmmiah   Hkai Middlesbrough. 

Thomas  k.  II;  i  iikkington Manchester. 

Henly  Q.  Laird Birkenhead. 

William  Hkkslatti Dowlais. 

AJOHTJB  PaOST Loughborough. 

John  I'i.nn.  Jux .......  London. 

George  B.  Kinnii:  .     .  London. 

William   EtlOHASMOH  Oldham. 

Wilson       .  Bristol. 
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26.  The  first  Council  shall  continue  in  office  till  the  Annual 
General  Meeting  in  the  year  1879.  The  President,  two  Vice- 
Presidents,  and  five  Members  of  the  Council  (other  than  Past- 
Presidents),  shall  retire  at  each  succeeding  Annual  General  Meeting, 
but  shall  be  eligible  for  re-election.  The  Vice-Presidents  and 
Members  of  Council  to  retire  each  year  shall,  unless  the  Council  agree 
amongst  themselves,  be  chosen  from  those  who  have  been  longest  in 
office,  and  in  cases  of  equal  seniority  shall  be  determined  by  ballot. 

27.  The  election  of  a  President,  Vice-Presidents,  and  Members 
of  the  Council,  to  supply  the  place  of  those  retiring  at  the  Annual 
General  Meeting,  shall  be  conducted  in  such  manner  as  shall  be 
prescribed  by  the  By-laws  from  time  to  time  in  force,  as  provided 
by  the  Articles. 

28.  The  Council  may  supply  any  casual  vacancy  in  the  Council 
( including  any  casual  vacancy  in  the  office  of  President)  which  shall 
occur  between  one  Annual  General  Meeting  and  another,  and  the 
President  or  Members  of  the  Council  so  appointed  by  the  Council 
shall  retire  at  the  succeeding  Annual  General  Meeting.  Vacancies 
not  filled  up  at  any  such  Meeting  shall  be  deemed  to  bo  casual 
vacancies  within  the  meaning  of  this  Article. 


OFFICERS. 

29.  The    Treasurer,     Secretary,    and     other    employe's    of    the 

tituti'-n  dial]  be  appointed  and  removed  iii  the  manner  prescribed 

by  tli*  n  from   time  to  timo  in  force,  as  provided  by  the 

Articles.      Subject  to  the  express  provisions  of  the   By-laws  tho 

officers    and   servantf  of   the  Institution  shall  be  appointed  and 

1  by  the  Council. 

ad  duties  of  (he  officers  of  the  Institution  shall 

A   to  any  OXpiCSS  provision  in  the   By-laws)  bo    determined  by 
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POWERS  AND  PROCEDURE  OF  COUNCIL. 

31.  The  Council  may  regulate  their  own  procedure,  and  delegate 
any  of  their  powers  and  discretions  to  any  one  or  more  of  their  body, 
and  may  determine  their  own  quorum:  if  no  other  number  is 
prescribed,  three  Members  of  Council  shall  form  a  quorum. 

32.  The  Council  shall  acquire  the  property  of  the  existing 
Institution,  and  shall  manage  the  property,  proceedings,  and  affairs 
of  the  Institution,  in  accordance  with  the  By-laws  from  time  to  time 
in  force. 

33.  The  Treasurer  may,  with  the  consent  of  the  Council,  invest 
in  the  name  of  the  Institution  any  moneys  not  immediately  required 
for  the  purposes  of  the  Institution  in  or  upon  any  of  the  following 
investments  (that  is  to  say) : — 

(a.)  The  Public  Funds,  or  Government  Stocks  of  the  United 
Kingdom,  or  of  any  Foreign  or  Colonial  Government 
guaranteed  by  the  Government  of  the  United  Kingdom. 

(b.)  Real  or  Leasehold  Securities,  or  in  the  purchase  of  real 
or  leasehold  properties  in  Great  Britain  or  Ireland. 

(c.)  Debentures,  Debenture  Stock,  or  Guaranteed  or  Preference 
Stock,  of  any  Company  incorporated  by  special  Act  of 
Parliament,  the  ordinary  Shareholders  whereof  shall  at 
the  time  of  such  investment  be  in  actual  receipt  of  half- 
yearly  or  yearly  dividends. 

(d.)  Stocks,  Shares,  Debentures,  or  Debenture  Stock  of  any 
Railway,   Canal,   or   other    Company,    the   undertaking 

whereof  is  leased  to  any  Railway   Company  at  a  fixed 
or  fixed  minimum  rent. 
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(e.)  Stocks,  Shares,  or  Debentures  of  any  East  Indian  Railway 
or  other  Company,  which  shall  receive  a  contribution 
from  Her  Majesty's  East  Indian  Government  of  a  fixed 
annual  percentage  on  their  capital,  or  be  guaranteed  a 
fixed  annual  dividend  by  the  same  Government. 

(f.)  The  security  of  rates  levied  by  any  corporate  body 
empowered  to  borrow  money  on  the  security  of  rates, 
where  such  borrowing  has  been  duly  authorised  by 
Act  of  Parliament. 

34.  The  Council  may,  with  the  authority  of  a  resolution  of  the 
Ifemben  in  General  Meeting,  borrow  moneys  for  the  purposes  of 
the  Institution  on  the  security  of  the  property  of  the  Institution. 

3o.  Xo  act  done  by  the  Council,  whether  ultra  vires  or  not, 
which  shall  receive  the  express  or  implied  sanction  of  the  Members 
of  the  Institution  in  General  Meeting,  shall  be  afterwards  impeached 
by  any  Member  of  the  Institution  on  any  ground  whatsoever,  but 
shall  be  deemed  to  be  an  act  of  the  Institution. 


NOTICES. 

.   A  notice  may  bo   served  by  the  Council  of  the  Institution 

m  any  Member,  Graduate,  Associate,  <»r  Honorary  Life  Member, 

<iti  onally  or  by  sending  it  through  the  post  in  a  prepaid 

iddrCSSOd  to  such  Hember,   Graduate,  Associate-,  or    Honorary 

I.  ':•  If  ember,  at  hii  registered  place  of  abode. 

37.  Anynotic  rred  by  pott,  shall  be  deemed  to  have  been 

at  the  time  when  the  Utter  containing  the  same  would  !><• 

course  of  the  post,  and  to  proving  such 

11  be  lufficient  to  prore  that  the  letter  containing  the 

not:  properly  addressed  and  put  into  the  post  office. 
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38.  No  Member,  Graduate,  Associate,  or  Honorary  Life  Member, 
not  having  a  registered  address  within  the  United  Kingdom  shall  be 
entitled  to  any  notice ;  and  all  proceedings  may  be  had  and  taken 
without  notice  to  such  Member  in  the  same  manner  as  if  he  had  had 
due  notice. 


exii  by-laws.  1891. 


(Last  Revision,  January  1S90.) 

MEMBEKSHIP. 

1.  Members,  Graduates,  Associates,  and  Honorary  Life  Members 
of  the  existing  Institution,  may,  upon  signing  and  forwarding  to  the 
Secretary  of  the  Institution  a  claim  according  to  Form  D  in  the 
Appendix,  become  Members,  Graduates,  Associates,  or  Honorary 
Life  Members  respectively  of  the  Institution  without  election  or 
payment  of  entrance  fees. 

2.  Candidates  for  admission  as  Members  must  be  Engineers 
not  under  twenty-four  years  of  age,  who  may  be  considered  by  the 
Council  to  be  qualified  for  election. 

3.  Candidates  for  admission  as  Graduates  must  be  Engineers 
holding  subordinate  situations  and  not  under  eighteen  years  of  age  ; 
and  they  may  afterwards  be  admitted  as  Members  at  the  discretion 
of  the  Council. 

4.  Candidates  for  admission  as  Associates  must  be  gentlemen 
not  under  twenty-four  years  of  age,  who  from  their  scientific 
attainments  or  position  in  society  may  be  considered  eligible  by 
the  Council. 

unci]  shall   have  the  power  to   nominate  us   Honorary 
Lii  ntlemen  of  eminent  scientific   acquirement*,  who 

in  their  Opinion  :ire  eligible  for  that  position. 

5.  The     M  Gbadnatet,    Associates,    and      Honorary    Lifo 

H7  mbi  n    ihal]   hare    notice  of   and  the  privilege  to  attend  all 
Meetings,  but  Members  only  shall  be  entitled  to  vote  thereat. 
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7.  The  abbreviated  distinctive  Titles  for  indicating  the  connection 
with  the  Institution  of  Members,  Graduates,  Associates,  or  Honorary 
Life  Members  thereof,  shall  be  the  following :  —  for  Members, 
M.  I.  Mech.  E. ;  for  Graduates,  G.  I.  Mech.  E. ;  for  Associates, 
A.  I.  Mech.  E. ;  for  Honorary  Life  Members,  Hon.  M.  I.  Mech.  E. 

8.  Subject  to  such  regulations  as  the  Council  may  from  time  to 
time  prescribe,  any  Member,  Graduate,  or  Associate  may  upon 
application  to  the  Secretary  obtain  a  Certificate  of  his  membership  or 
other  connection  with  the  Institution.  Every  such  certificate  shall 
remain  the  property  of,  and  shall  on  demand  be  returned  to,  the 
Institution. 

ENTRANCE  FEES  AND  SUBSCRIPTIONS. 

9.  An  Entrance  Fee  of  £2  shall  be  paid  by  each  Member,  except 
Members  of  the  existing  Institution,  who  shall  pay  no  Entrance  Fee, 
and  Graduates  admitted  as  Members,  who  shall  pay  an  Entrance  Fee 
of  £1.     Each  Member  shall  pay  an  Annual  Subscription  of  £3. 

10.  An  Entrance  Fee  of  £1  shall  be  paid  by  each  Graduate,  except 
Graduates  of  the  existing  Institution,  who  shall  pay  no  Entrance  Fee. 
Each  Graduate  shall  pay  an  Annual  Subscription  of  £2. 

11.  An  Entrance  Fee  of  £2  shall  be  paid  by  each  Associate,  except 
Associates  of  the  existing  Institution,  who  shall  pay  no  Entrance  Fee. 
Bach  Associate  shall  pay  an  Annual  Subscription  of  £3. 

12.  All  Subscriptions  shall  be  payable  in  advance,  and  shall 
become  due  on  the  1st  day  of  January  in  each  year ;  and  the  first 
Subscription  of  Members,  Graduates,  and  Associates,  shall  date  from 
the  1st  day  of  January  in  the  year  of  their  election. 

13.  In  the  case  of  Members,  Graduates,  or  Associates,  elected  in 
the  last  three  months  of  any  year,  the  first  subscription  shall  cover 
both  tho  year  of  election  and  the  succeeding  year. 
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1 1.  Any  Member  or  Associate  whose  subscription  is  not  in  arrear 
may  at  any  time  compound  for  his  subscription  for  the  current  and 
all  future  years  by  the  payment  of  Fifty  Pounds.  All  compositions 
shall  be  deemed  to  be  capital  moneys  of  the  Institution. 

15.  The  Council  may  at  their  discretion  reduce  or  remit  the 
Annual  Subscription,  or  the  arrears  of  Annual  Subscription,  of  any 
If  ember  who  shall  have  been  a  subscribing  Member  of  the  Institution 
for  twenty  years,  and  shall  have  become  unable  to  continue  the 
Annual  Subscription  provided  by  these  By-laws. 

1G.  Xo  Proceedings  or  Ballot  Lists  shall  be  sent  to  Members, 
Graduates,  or  Associates,  who  are  in  arrear  with  their  subscriptions 
more  than  twelve  months,  and  whose  subscriptions  shall  not  have 

d  remitted  by  the  Council  as  hereinbefore  provided. 

ELECTION  OF  MEMBEES,  GRADUATES,  AND 
ASSOCIATES. 

17.  A  recommendation  for  admission  according  to  Form  A  in 
the  Appendix  shall  be  forwarded  to  the  Secretary,  and  by  him  be 
laid  before  the  next  Meeting  of  the  Council.  The  recommendation 
must  be    signed  by  not  less   than  five   Members  if  the  application 

for  admission  as  a  Member  or  Associate,  and  by  three  Members 
if  it  be  for  a  Graduate. 

18.  All    Elections     shall    take    place     by    ballot,    three-fifths    of 

iven  being  d  ry  for  election. 

All    applications   for  admission  shall  be  communicated  by 

to  the  Council  for  their  approval  previous  to  being 

I  in  the  ballot  Usi  for  election,  and  the  approved  ballot  list 

[nod   by  the  President  and  forwarded  to  the  Members. 

'1  ball   specify    the   name,   occupation,  and  address  of 

I  i  l»y  whom  proposed  and  seconded.      Tin; 

I   only  in  the  presence  Of  the  Council  on  the  day 

t  ion,  by  a  Commits  i  to  be  appoints  d  for  that  pnrpoi 
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20.  The  Elections  shall  take  place  at  the  General  Meetings  only. 

21.  When  the  proposed  Candidate  is  elected,  the  Secretary 
shall  give  him  notice  thereof  according  to  Form  B ;  but  his  name 
shall  not  be  added  to  the  list  of  Members,  Graduates,  or  Associates 
of  the  Institution  until  he  shall  have  paid  his  Entrance  Fee  and  first 
Annual  Subscription,  and  signed  the  Form  C  in  the  Appendix. 

22.  In  case  of  non-election,  no  mention  thereof  shall  be  made  in 
the  Minutes,  nor  any  notice  given  to  the  unsuccessful  Candidate. 

23.  A  Graduate  or  Associate  desirous  of  being  transferred  to  the 
class  of  Members  shall  forward  to  the  Secretary  a  recommendation 
according  to  Form  E  in  the  Appendix,  signed  by  not  less  than  five 
Members,  which  shall  be  laid  before  the  next  meeting  of  Council  for 
their  approval.  On  their  approval  being  given,  the  Secretary  shall 
notify  the  same  to  the  Candidate  according  to  Form  F  if  an  Associate, 
and  according  to  Form  G  if  a  Graduate ;  but  his  name  shall  not  be 
added  to  the  list  of  Members  until  he  shall  have  signed  the  Form  II, 
and,  if  a  Graduate,  shall  have  paid  £1  additional  entrance  fee,  and 
£1  additional  subscription  for  the  current  year. 

ELECTION  OF  PRESIDENT,  VICE-PRESIDENTS,  AND 
MEMBERS  OF  COUNCIL. 

24.  Candidates  shall  be  put  in  nomination  at  the  General 
Meeting  preceding  the  Annual  General  Meeting,  when  the  Council 
are  to  present  a  list  of  their  retiring  Members  who  oiler  themselves 
lor  re-election ;  any  Member  shall  then  be  entitled  to  add  to  the 
list  of  Candidates.  The  ballot  list  of  the  proposed  names  shall 
be  forwarded  to  the  Members.  The  ballot  lists  shall  be  opened  only 
in  the  presence  of  the  Council  on  the  day  of  election,  by  a  Committee 
to  be  appointed  for  that  purpose. 

APPOINTMENT  AND  DUTIES  OF  OF1TCEKS. 

25.  The  Treasurer  shall  be  a  Banker,  and  shall  bold  the 
uninvested  funds  of  the  Institution,  except  the  moneys  in  the  hands 


I'XYl 
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of  the  Secretary  for  current  expenses.  He  shall  be  appointed  by  the 
Members  at  a  General  or  Special  Meeting,  and  shall  hold  office  at 
the  pleasure  of  the  Council. 

26.  The  Secretary  of  the  Institution  shall  be  appointed  as  and 
when  a  vacancy  occurs  by  the  Members  at  a  General  or  Special 
Meeting,  and  shall  be  removable  by  the  Council  upon  six  months' 
notice  from  any  day.  The  Secretary  shall  give  the  same  notice.  The 
Secretary  shall  devote  the  whole  of  his  time  to  the  work  of  the 
Institution,  and  shall  not  engage  in  any  other  business  or  profession. 

27.  It  shall  be  the  duty  of  the  Secretary,  under  the  direction 
of  the  Council,  to  conduct  the  correspondence  of  the  Institution  ; 
to  attend  all  meetings  of  the  Institution,  and  of  the  Council,  and  of 
Committees ;  to  take  minutes  of  the  proceedings  of  such  meetings ; 
to  read  the  minutes  of  the  preceding  meetings,  and  all  communications 
that  he  may  be  ordered  to  read ;  to  superintend  the  publication  of 
such  papers  as  the  Council  may  direct ;  to  have  the  charge  of  the 
library ;  to  direct  the  collection  of  the  subscriptions,  and  the 
preparation  of  the  account  of  expenditure  of  the  funds;  and  to 
present  all  accounts  to  the  Council  for  inspection  and  approval.     He 

ill  ul so  engage  (subject  to  the  approval  of  the  Council)  and  be 
possible  for  all  persons  employed  under  him,  and  set  them  their 
portions  of  work  and  duties.  He  shall  conduct  the  ordinary  business 
of  the  Institution,  in  accordance  with  the  Articles  and  By-laws  and 
khe  directions  of  the  President  and  Council  ;  and  shall  refer  to  the 
President  in  ray  mutters  of  difficulty  or  importance,  requiring 
imin<  ion, 

MISCELLANEOUS. 

All  dial]    be    submitted    to    the    Council    for 

approval  shall  be  read  by  the  Secretary  at 

or  by  the  Author  with  the  consent  of  the 

All  b  IrawingS,  communications,  &0.,  shall  be  accessible 

•h<;  Members  Of  the  Institution  at  all  I  ble  times. 
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30.  All  communications  to  the  Meetings  shall  be  the  property  of 
the  Institution,  and  be  published  only  by  the  authority  of  the 
Council. 

31.  None  of  the  property  of  the  Institution — books,  drawings, 
&c. — shall  be  taken  out  of  the  premises  of  the  Institution  without 
the  consent  of  the  Council. 

32.  All  donations  to  the  Institution  shall  be  enumerated  in  the 
Annual  Eeport  of  the  Council  presented  to  the  Annual  General 
Meeting. 

33.  The  General  Meetings  shall  be  conducted  as  far  as 
practicable  in  the  following  order  : — 

1st.  The  Chair  to  be  taken  at  such  hour  as  the  Council 
may  direct  from  time  to  time. 

2nd.  The  Minutes  of  the  previous  Meeting  to  be  read  by 
the  Secretary,  and,  after  being  approved  as  correct,  to 
be  signed  by  the  Chairman. 

3rd.  The  Ballot  Lists,  previously  opened  by  the  Council, 
to  be  presented  to  the  Meeting,  and  the  new  Members, 
Graduates,  and  Associates  elected  to  be  announced. 

4th.  Papers  approved  by  the  Council  to  be  read  by  the 
Secretary,  or,  with  the  consent  of  the  Council,  by  the 
Author. 

34.  Each  Member  shall  have  the  privilege  of  introducing  one 
friend  to  any  of  the  Meetings  ;  but,  during  such  portion  of  any 
meeting  as  may  bo  devoted  to  any  business  connected  with  the 
management  of  the  Institution,  visitors  shall  be  requested  by  the 
Chairman  to  withdraw,  if  any  Member  a&ka  that  this  shall  be  d< 
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.  Every  Member,  Graduate,  Associate,  or  Visitor,  shall  write 
his  name  and  residence  in  a  book  to  be  kept  for  the  purpose,  on 
tutoring  each  Meeting. 

36.  The  President  shall  ex  officio  be  Member  of  all  Committees 
of  Council. 

87.  Seven  clear  days'  notice  at  least  shall  be    given  of   every 

ting  of  the  Council.     Such   notice  shall  specify  generally  the 

-iness  to  be  transacted  by  the  meeting.     No  business  involving 

the  expenditure  of  the  funds  of  the  Institution  (except  by  way  of 

meut   of  current  salaries  and  accounts)    shall   be   transacted   at 

any  Council  meeting  unless  specified  in  the  notice  convening  the 

ing. 

38.  The  Council  shall  present  the  yearly  accounts  to  the 
Members  at  the  Annual  General  Meeting,  after  being  audited  by  a 
professional  accountant,  who  shall  be  appointed  annually  by  the 
Mi  mbeifl  at  a  General  or  a  Special  Meeting,  at  a  remuneration  to  be 
then  fixed  by  the  Members. 

.  Any  Member  wishing  to  have  a  copy  of  the  Papers  sent  to 
him  for  consideration  beforehand  can  do  so  by  sending  in  his  name 
one  to  the  Secretary;  and  a  copy  of  all  Papers  shall 

then  b  rded  to  him  as  early  as  possiblo  prior  to  the  date  of  the 

Meeting  at  which  they  are  intended  to  be  read. 

.  At  any  Meeting  of  the  Institution  any  Member  shall  be  ut 

Open   the   discussion  upon    any   Paper  which   lias  been 

I   or  discussed   at   the  preceding    Meeting ;    providt  d  that    ho 
tention  to  the  Secretary  at  least  one  month  previously 
the  Meeting,  and  that  the  Council  decide  to  include  it  in  tho 
notice  of  the  M  part  of  the  business  to  be  transacted. 
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APPENDIX. 


FOKM  A. 

Mr.  being  not  under  twenty-four  years  of  age,  and  desirous 

i    admission    into    the    Institution    of    Mechanical    Engineers,    we     the 

undersigned  proposer  and  seconder    from  our  personal  knowledge,  and  we 

the  three  other  signers  from  trustworthy  information,  propose  and  recommend 

him  as  a  proper  person  to  become  a  thereof. 

Witness  our  hands,  this  day  of 

Members. 


FOKM  B. 

Sir, — 1  have  to  inform  you  that  on  the  you 

were  elected  a  of  the  Institution  of  Mechanical  Engineers. 

In  conformity  with  the  rules,  your  election  cannot  be  confirmed  until  the 
enclosed  form  be  returned  to  me  with  your  signature,  and  until  your  Entrance 
Fee  and  first  Annual  Subscription  be  paid,  the  amounts  of  which  are 
and  respectively.     If  these  be  not  received  within  two  months  from 

the  present  date,  the  election  will  become  void. 

I  am,  Sir, 

Your  obedient  servant, 

Secretary. 


FORM   C. 

I,  the  undersigned,  being  elected  a  of  the 

itution  of  Mechanical  Engineers,  do  hereby  agree  that  I  will  be  governed 
by  the  regulations  of  the  said  Institution,  as  they  are  now  formed  or 
they  may  hereafter  be  altered ;  that  I  will  advance  the  objects  of  the 
Institution  as  far  as  shall  be  in  my  power,  and  will  attend  the  Meetings 
thereof  as  often  as  I  conveniently  can  :  provided  that,  whenever  I  shall 
signify  in  writing  to  the  Secretary  that  I  am  desirous  of  withdrawing  from 
the  Institution,  I  shall  (after  the  payment  of  any  arrears  which  may  be  due 
by  me  at  that  period)  be  free  from  this  obligation. 
Witness  my  hand,  this  day  of 


FOKM  D. 

As  a  i   the  Institution  of  Mechanical   Engineers,  I  claim 

to  become  a  <  iation  incorporated  under  the  same  name. 

Please  register  me  as  a 
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FORM  E. 

being  of  the  required  age,  and  desirous  of  being 
into  the  class  of  Members  of  the  Institution,  we,  the  undersigned, 
0  cur  personal  knowledge,  recommend  him  as  a  proper  person  to  become  a 
•  of  the  Institution  of  Mechanical  Engineers. 


FORM  F. 

-    .—  I  have  t<>  inform  you  that  the  Council  have  approved  of  your  being 

•  i  the  class  of  Members  of  the  Institution  of  Mechanical  Engineers. 

[n  i.  nformity  with  the  rules,  your  transference  cannot  be  confirmed  until  the 

.':,.•  returned  to  me  with  your  signature.     If  this  be  not  received 

within  two  months  from  the  present  date,  the  transference  will  become  void. 

I  am,  Sir, 

Your  obedient  servant. 

Secretary. 


FORM  G. 

g    ( — i  have  to  inform  you  that  the  Council  have  approved  oi  your  being 

tra:.  -  the  elas.>  of  Members  of  the  Institution  of  Mechanical  Engineers. 

In  conformity  with  the  rules,  your  transference  cannot  be  confirmed  until  the 

form    he    returned    t<>    me  with    your   signature,    and    until    your 

additional  Entrance   Fee  (^1)  and  additional  Annual  Subscription  (£1)  be 

current  year.     If  these  be  not  received  within  two  months  from 

.  the  transference  will  become  void. 

I  am,  Sir, 

Your  obedient  servant, 

Secretarv. 


FORM  H. 

ed,  having  been  tran  d  the  class  ol  Membersofthe 

Mechanical  Engineers,  do  hereby  agree  thai  [  will  be  governed 

said  Institution,  a    they  now  i  a    they 

:  that  I  will  advance  theobjectsof  the  Institution 

!*•  in  my  |*.wer,  and  will  attend  the  Meetingi  thereof  as  often 

:  provided  that,  whenever  I  shall  signify  in  writing  to 

that,  I  a  ;  withdrawing  from  the  Institution,  I  shall 

(aftcr  •  ••■•  iii'-ii  may  be  due  l>y  me  ;it  that  period)  be 

day 
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PROCEEDINGS. 


January  1891. 


The  Forty-Fourth  Annual  General  Meeting  of  the  Institution 
was  held  in  the  rooms  of  the  Institution  of  Civil  Engineers,  London, 
on  Thursday,  29th  January  1891,  at  Half-past  Seven  o'clock  p.m. ; 
Joseph  Tomllnson,  Esq.,  President,  in  the  chair. 

The  Minutes  of  the  previous  Meeting  were  read,  approved,  and 
signed  by  the  President. 


The  President  announced  that  the  Ballot  Lists  for  the  election 
of  New  Members,  Associates,  and  Graduates,  had  been  opened  by  a 
committee  of  the  Council,  and  that  the  following  forty-three 
candidates  were  found  to  be  duly  elected  : — 


biembers. 
Henry  Conrad  Vandepoel  Ahrbecker, 
John  Ai:«  hbold, 
Walteb  Bagshaw,    . 
.John*  Baynes,  .... 
GsOBOE  ChABLES  BSGKWITH, 

Alfred  \\" i i.i.i  \ ^i  Bsvis, 

-     (  i.i.  Boot  ell, 

Cameron  William  Harrison  Bbook, 

Thomas  Clabkson,     . 

Thomas  Daniel-. 
JOHN  NORN  \N   DlOK,   . 
DOUGL.^    BOLT   J)l.  BONBON,   . 

James  (  Sjlaee  Dickinson,    . 

EdwABD  Wynne  DOHOI 


Sydney,  N.S.W. 

Eastwood,  Notts. 

Batley. 

London. 

Swansea. 

Folkestone. 

Manchester. 

London. 

I. on,!, .n. 

Mitlirlu- 

Penmng. 
Bfonte  Vidi 
Sunderland* 

Lend.. H. 

I 
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Charles  Frederick  Fuller, 

London. 

Gbobgi  Maofablahe  Gray, 

Hong  Kong. 

Gordon  Hark  is,         .... 

London. 

JOSEI'II   UlTCHTNSON  HARRISON,       . 

Malvern. 

Joseph  Henry  Judd, 

Brighton. 

W I  I.I-I  AM  ROBERTSON  LlNDSAT, 

Dundee. 

Thomas  Lowdon,       .... 

.     Cardiff. 

Jekemiah  Eugene  Mathewson,    . 

.     Sheffield. 

John  Scott  Kichardson,    . 

Peru. 

Hugh  Jorwerth  Eoberts, 

Calcutta. 

ncis  James  Roche, 

Shanghai. 

JIakold  Sands,           .... 

Nottingham. 

F.  "Walter  Scott,     .... 

London. 

Millin  Selby,  ..... 

.     Lille. 

Alexander  Siemens, 

London. 

Ralph  Hart  Tweddell,    . 

London, 

John  Walmsley,       .... 

Huddersfield. 

ChABLH  WATT,            .... 

Melbourne. 

Walter  James  Weightman, 

Bombay. 

Jobs  Qenby  Widdowson,  . 

Manchester. 

JAMBA    EiDGAB   W'lMSHURST,  . 

London. 

i  ii  Weoi,  ..... 

Manchester. 

ASSOCIATES. 

JOflMPB   BOSS  Mokoan, 

Liverpool. 

I'l.ANT, 

Birmingham. 

QB  \nr.\ 

1  SbKHOLMI   Dill  BH8HAW, 

Rotherhaxn. 

If  \!.!.v  Ohuboh, 

Buenos  Aires. 

i         Dbummond, 

LiverpooL 

W'.m.i  i.     .1              1  [o  QOOD,     . 

.     Cardiff 

1                 s-.ell, 

London. 

LonuaJ    Report  of*   the  Council   was    thou  road:- 
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ANNUAL  REPORT  OF  THE  COUNCIL. 

1891. 

The  Council  have  the  pleasure  of  presenting  the  Members  with 
their  forty-fourth  Annual  Report,  showing  the  progress  of  the 
Institution  during  the  past  year.  They  commence  for  convenience 
with  the  usual  statistics  of  membership  and  financial  position. 

At  the  end  of  last  year  the  number  of  names  of  all  classes  on  the 
roll  of  the  Institution  was  1943,  as  compared  with  1858  at  the  end  of 
the  previous  year,  showing  a  net  gain  of  85.  During  1890  there  were 
added  to  the  register  159  names  ;  against  which  the  loss  by  deceases 
was  31,  and  by  resignation  or  removal  43. 

The  additions  to  the  list  of  Members  include,  as  the  President 
had  the  gratification  of  announcing  at  the  Spring  Meeting,  the  name 
of  His  Royal  Highness  the  Prince  of  Wales,  with  whose  consent  the 
Council  had  the  honour  of  electing  him  an  Honorary  Life  Member  of 
the  Institution,  in  appreciation  of  the  interest  he  has  at  all  times 
manifested,  and  the  official  consideration  and  recognition  he  has 
bestowed,  in  connection  with  the  works  of  Mechanical  Engineers,  as 
recently  exemplified  by  his  opening  the  Forth  Bridge,  the  latest 
triumph  of  Mechanical  Engineering. 

The  following  twelve  Transferences  of  Graduates  to  the  class  of 
Members  have  been  made  by  the  Council  in  1890  : — 


EmKBBOS    r>\iNi;i:i]".i:,      . 

William  Btahway  Uooth, 
Edward  DAWBOV,  . 
ChABLB    An  l  BOOT    Dm  A!  I  . 
John  Howell  Hosgood, 

.1,-1  III     Willi  Um|;|  ][     Hi   [AW, 

I  \   Ai  PHOVBI  Legros, 

JOSLTII    I.I.I'  OfOBD, 
William  ThBODOSI  T.i  i  v. 

II  LI      M  VUTIM'AU  . 


Sheffield. 
Swansea. 

Cardiff. 

London. 

Cardiff. 

Mauri,. 

London. 
Melbourne. 
Oxford. 
London. 

I    L> 
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II      EBBS    Pi  I. KINGTON",      . 

Johh  Btuabt  Ellis  de  Vesiax, 


Newcastle,  Staffs. 
London. 


The  following  nineteen  Deceases  of  Members  of  the  Institution 


have  occurred  during  the  past  year 


Daniel  Apamson, 
-  warn   And]  b& 
Davip  Banperali, 
Abou)  Budhhbebo, 

John  Clarke, 
William  Clarke,  . 
Nathan 1 1  i.  I  i.ayton, 
Robert  Xivin  Cottrill, 
William  Jeremiah  Hall, 
];:charp  Hopson, 

Shaw  Loynp, 
Jamb  I£ai  ilraith  (Associate), 
Tbomab  Bobson,    . 
Philil  Powys  Rogers  (Graduate), 
Damp  Rollo, 
Joseph  Taylor, 
(  BABL]  b  Wills,    . 

Williams,    . 
Thomas  Wilson,    . 

Of  than  Mr.  Adamson  was  a  Member  of  the  Institution  from  1859, 
l   Member  of  Council   from  1870,  and  a  Vice-President  from  1885. 
Bgnlaz  attendant  at  tlie  meetings,  and  took  the  keenest 
•   ;  1 1  Proceedj 

The  following  eighteen  gentlemeD  have  ceased  to  bo  Members  of 
the  In-t itution  during  the  pad  year:  — 


Manchester. 

Wcstbury. 

Paris. 

Manchester. 

Leeds. 

Gateshead. 

Lincoln. 

Bolton. 

Limerick. 

London. 

Mexico. 

Glasgow. 

Fence  Houses. 

Warora. 

Liverpool. 

Birmingham. 

Moxlcy. 

Rhyinney. 

London. 


i;  I  Allooop  (Graduate), 

Grade 

. 
I  Wili.lv 

i.l, 
1  I  WD, 

,     I! 

ta-  William  11 

1 1 


Bumshau 
Horwioh. 
Wilmington,  ' 
Nottingham. 

Bt.  I. "Mi-.  I '  S.A. 
Shanghai. 

Sy.l.i-v,  X.S.W. 

\"ti  Ingham. 
London. 
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James  Humphrys,  ......  London. 

William  Johnson, London. 

Charles  Henry  Moser  (Associate),  .         .         .  Natal. 

Hedley  Oliver,     .......  Birmingham. 

Samuel  Sharrock,  ......  Liverpool. 

Patrick  Stewart-Hamilton,  ....  Brighton. 

AVllliam  Tijou,     .......  London. 

A  Villi  am  Augustus  AVharton,         ....  Nottingham. 

Albert  Wootton,  ......  Loughborough. 

In  addition  to  these  there  have    been   twenty-five  Resignations 
of  membership. 

The  Accounts  for  the  year  ending  31  December  1890  are  now 

submitted  to   the   Members   (see    pages  10-13),   after  having   been 

passed  by  the  Finance  Committee,  and  certified  by  Mr.  Robert  A. 

McLean,  chartered  accountant,  the  auditor  appointed  by  the  Members 

at  the  last  Annual  General  Meeting.     The  receipts  during  the  year 

were  £6,784  16s.  5c?.,  while  the  expenditure,  actual  and  estimated, 

was  £5,738  6s.  2c?.,  leaving  a  balance  of  receipts  over  expenditure 

of  £1,046  10s.  3c?.    The  financial  position  of  the  Institution  at  the  end 

of  the  year  is  shown  by  the  balance  sheet :  the  total  investments  and 

other  assets  amount  to  £34,308  4s.    9c?. ;   and  allowing  £600    for 

accounts  owing  but  not  yet  rendered,  the  capital  of  the  Institution 

amounts   to    £33,708    4s.  9c?.,  of  which   the  greater  part,   as  seen 

from  the  balance  sheet,  is  invested  in  Railway  Debenture  Stocks, 

registered  in  the  name  of  the  Institution.     The  certificates  of  the 

whole  of    the   securities   have   been   duly  audited   by  the   Finance 

Committee   and  the  auditor.     Among  the  receipts  for  the  year  is 

included  the  repayment  of  the  Corporation  Duty  for  the  three  years 

1885-86,  1886-87,  and   1887-88,  amounting  to  £70  13s.  8d.     The 

payment  of  this  amount,  claimed   under  the  "Customs  and  Inland 

Revenue  Act  1885,"  had  been  made  by  the  Institution  in  1887  under 

notice  of  appeal ;  and  pending   the  settlement  of  the  appeal   then 

already  made  by  the  Institution  of  Civil  Engineers,  the  payments  for 

the  subsequent  years  have  remained  in  abeyance.    Consequent  apon 

the  final  decision  of  the  House  of  Lords,  given  on  1st  August  1890, 

the  above  payment  has  now  been  refunded  by  the  Board  of  Inland 

Revenue.     While  congratulating  the  Members  upon  this  result,  the 
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Council  are  sure  that  the  Members  will  join  with  themselves  in 
OOC&a]  congratulations  to  the  Institution  of  Civil  Engineers  upon 
this  favourable  termination  of  a  suit  so  long  pending. 

The  work  of  the  Eesearch  Committees  during  the  past  year  is 
resented  in  the  Proceedings  by  the  publication  of  the  elaborate 
reports  of  Marine-Engine  Trials.  These  have  naturally  involved  a 
large  expenditure  of  time  for  subsequently  working  out  with  the 
requisite  care  the  voluminous  mass  of  data,  obtained  by  the  numerous 
staif  of  observers  who  have  been  employed  under  the  direction  of  the 
chairman,  Professor  Kennedy,  in  carrying  out  trials  of  such  long 
duration. 

The  intended  experiments  on  the  friction  of  pivot  bearings  have 
been  made  under  the  direction  of  the  Eesearch  Committee  on 
Friction,  of  which  the  President  is  the  chairman.  The  report  on 
these  experiments  will  be  duly  presented  at  the  earliest  opportunity. 

The  Council  have  much  pleasure  in  recording  their  thanks  to  the 
ra]  Donors  of  the  contributions  that  have  been  presented  to  the 

Library  of  the  Institution  during  the  past  year.  These  additions 
enumerated  in  pages    14-23.     Members  are  invited  to  present 

origin*]  pamphlets  and  records  of  experimental  research,  and  other 

works  valuable  for  reference;  such  contributions  are  always  welcome 

for  permanent  preservation  in  the  Library. 

The  (  taneral  Meetings  in  1890  were  the  Annual  General  Meeting 

Meeting,    both    held    in    London ;    the   Summer 

if  Acting    i„    Sheffield ;     and    the    Autumn    Meeting     in     London. 

Altogether  nine  sittings  were  occupied  in  the  reading  and  discussion 

of  the  following  Papers,  which  are  published  in  the  Proceedings: — 

pomading  of  Locomotive!  burning  Petroleum  Refuse  is  Russia;  )>y 
i 
•  Coal  in  the  Locomotives  on  the  Gape  Government 

Appliance!  employed  in  the  Manufacture  and  Storage  of 
•i     Kennel  iS  Murray, communicated  through  Mr.  Henry 

1 
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Address  by  the  President. 

Research  Committee  on  Marine-Engine   Trials :   Report  upon  Trials  of  three 

Steamers,  "  Fusi  Yama,"  "  Colchester,"  "  Tartar  "  ;  by  Professor  Alexander 

B.  W.  Kennedy,  F.R.S.,  Honorary  Life  Member,  Chairman. 
On  Steel  Rails,  considered  Chemically  and  Mechanically ;  by  Mr.  Christer  P. 

Sandberg. 
On  recent  improvements  in  the  Mechanical  Engineering  of  Coal  Mines ;  by  Mr. 

Emerson  Bainbridge. 
Description  of  the  Parkgate  Iron  and  Steel  Works ;  by  Mr.  Charles  J.  Stoddart. 
Description  of  the  Loomis  process  of  making  Gas  for  Fuel ;  by  Mr.  R.  N. 

Oakman,  Jun. 
Description  of  the  Sheffield  "Water  Works ;  by  Mr.  Edward  M.  Eaton. 
On  Tube-Frame  Goods  Wagons  of  light  weight  and  large  capacity,  and  their 

effect  upon  the  Working  Expenses  of  Railways ;  by  Mr.  M.  R.  Jefferds, 

communicated  through  Mr.  Henry  J.  Marten. 
Od  Milling  Cutters;  by  Mr.  George  Addy. 


The  attendances  during  1890  were  as  follows : — at  the  Annual 
General  Meeting  74  Members  and  37  Visitors ;  at  the  Spring 
Meeting  77  Members  and  54  Visitors ;  at  the  Summer  Meeting  278 
Members  and  77  Visitors ;  and  at  the  Autumn  Meeting  89  Members 
and  G8  Visitors. 

The  Summer  Meeting  of  the  Institution  was  held  in  Sheffield, 
thanks  to  the  readiness  and  energy  with  which  the  local  Members 
and  their  friends,  headed  by  the  Mayor  and  the  Master  Cutler, 
responded  to  the  wish  of  the  Council  that  the  Members  should  have 
an  opportunity  of  appreciating  the  progress  made  during  the  interval 
of  twenty-nine  years  which  had  elapsed  since  the  previous  meeting 
held  there  in  1861.  Apart  from  the  greater  steel  works,  which  have 
already  for  more  Hun  a  quarter  of  a  century  been  enhancing  the 
world-wide  renown  of  Sheffield  by  the  ever  increasing  magnitude  of 
their  operations,  the  recent  meeting  baa  had  the  advantage  of  enabling 
the  Members  to  realise  how  largely  dependent  upon  mechanical 
engineering  are  the  many  other  manufactures  which  are  now  vieing 

with  one  another  in  adding  to  the  pn  d    the  town.      The  anehnt 

cutlery  manufacture,  bo  vastly  developed  and  unproved  since  the  time 
when  it  originally  formed  almost  the  sole  Industry  associated  with 
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Id,  is  new  reinforced  by  silversmiths'  and  electro-plating  works, 
by  the  manufacture  of  engineers'  tools  and  implements  in  great 
variety,  and  by  engineering  works  both  of  general  and  of  special 
kinds.  Textile  industry  finds  a  representation  peculiarly  remarkable 
in  the  horse-haircloth  manufacture,  wherein  is  seen  the  extraordinary 
degree  of  perfection  to  which  automatic  action  can  be  carried  in 
intricate  processes  of  weaving  previously  performed  by  skilled  hand- 
labour  alone. 

Three  of  the  Papers  read  at  the  meeting  were  illustrated  in  a 
\ner  most  acceptable  to  the  Members  present  by  visits  to  the 
m  irkfl  referred  to.  The  comprehensive  paper  on  Colliery  Engineering, 
ranging  over  so  extensive  a  variety  of  practical  devices  and  appliances 
in  which  mechanical  engineering  is  immediately  concerned,  was 
followed  by  excursions  to  the  Nunnery  Colliery  and  the  Aldwarke 
Main  Colliery,  where  many  of  the  contrivances  alluded  to  were  seen 
in  use,  the  working  of  these  collieries  having  well  kept  pace  with  the 
progress  of  recent  improvements.  In  the  excursion  to  the  Park- 
Iron  and  Steel  Works,  which  embraced  also  visits  to  other 
engineering  establishments  situated  between  Sheffield  and  Eotherham, 
the  description  read  at  the  meeting  was  supplemented  by  an 
inspection  of  one  of  the  most  recent  examples  of  works  laid  out  with 
the  best  modern  appliances  for  the  production  of  iron  and  steel  on 
the  lai  demanded  by  some  of  the  present  requirements.     The 

it  to  the  Water  Works  covered  the  greater  portion  of  the  existing 
iis  and  the  gathering  ground  already  utilised  for  the 
Sheffield. 

ecommodation  provided  for  the  Meeting  was  due 

obliging  invitations  of  the  authorities  of  Firth  College  and  of 

I  ;  and  the  hospitalities  of  the  Reception  Committee 

variety  of  highly  acceptable  ways,  including  a 

an  1  the  whole  of  the  arrangements  for  the  several 

To   the  Eonorary  Secretaries,  Professor  Ripper  and 

Mr.  It.  JI'  dfbrd,  on  wlioni  devolved  the  details  of  the  entire 

Council  have  had  the  pleasure  of  ting  the 

titation,   engrossed    upon    vellum    and 

. 
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In  inviting  the  Members  to  contribute  practical  Papers  on 
subjects  of  present  interest  in  mechanical  engineering,  giving  results 
of  experience,  and  suitable  for  reading  and  discussion  at  the  meetings 
of  this  Institution,  the  Council  take  the  opportunity  of  making  it 
known  that  the  wall  diagrams  for  the  illustration  of  such  papers  as 
they  may  accept  for  reading  and  discussion  will  be  prepared  free  of 
cost  to  the  authors  by  the  Institution  drawing-office,  to  the  extent  ol 
the  time  and  accommodation  available.  The  Council  have  also 
decided  that  the  author  of  any  paper  published  in  the  Institution 
Proceedings  shall  be  presented  with  any  number  he  may  wish,  not 
exceeding  one  hundred,  of  Excerpt  Copies  of  his  paper  with  discussion 
and  engravings,  as  therein  published ;  and  that  beyond  the  hundred 
he  can  be  supplied  at  cost  price  with  any  further  number  of  copies,  if 
ordered  before  the  printing  of  the  Proceedings  has  taken  place. 

In  accordance  with  the  Eules  of  the  Institution,  the  President, 
two  Vice-Presidents,  and  five  Members  of  Council,  retire  from  office 
this  day.  The  result  of  the  ballot  for  the  election  of  the  Council  for 
the  present  year  will  be  announced  to  the  Meeting. 
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Dr.         ACCOUNT  OF  EXPENDITURE  AND  RECEIPTS 

Expenditure.  £     s.    d. 

£    s.    d. 
T    Print  in- ami  Engrafting  Proceedings  of  1890    .      .    1,228  19  10 

Less  Authors'  Copies  of  Papers,  repaid   .      ...  813     01,220     G  10 

Stationery  and  General  Printing 180    6    0 

..  Binding 21  14     1 

..   Rent 700     0     0 

Salaries  and  Wages 1,882  10    7 

:il,  Firewood,  and  Gas 30     1     0 

..  Fittings  and  Repairs 71  12     7 

.  Post  igee 328  18  11 

..  Insurance 581 

..  Law  Charges 16  16     0 

..   Petty  Expenses 43  17    3 

M     ting  Expenses — 

Printing 152  12    6 

Reporting 57  10     2 

Diagram*,  Screen,  &c 74    4    9 

3 "r  i  r.-l ling  and  Incidental  Expenses    ....       194     8     7  478  16     0 

.,  Dinner  Guests 135     9     2 

Bosearch 604    5    2 

..  Books  purchased 18    3    0 

5,738    6    2 
ing,  not  yet  rendered,  say 600    0    0 

Less  1 1             :   j  :•  ..•■II.-  year  for  accounts  since  paid       600    0    0  0    0    0 

Balaii'                             Receipts  over  Expenditure,  carried  down  1,046  10    3 


£6,784  16    5 


'II  ,,t — 

Debenturi  8toe) 1,899  0  9 

I                     .1               L89  18  8 

OaafaS                                            2,004  8  l 


£:5.<;:;:;    7    G 
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FOR  THE  YEAR  ENDING  31st  DECEMBER  1890.  O. 

Receipts.  £      s.    d. 

By  Entrance  Fees —  £      s.  d. 

128  New  Members  at  £2 256     0  0 

10  New  Associates  at  £2 20    0  0 

22  New  Graduates  at  £1 22     0  0 

12  Graduates  transferred  to  Members  at  £1      .  12     0  0:    310     0     0 

„   Subscriptions  for  1890 — 

1511  Members  at  £3 4,533     0  0 

55  Associates  at  £3 165     0  0 

133  Graduates  at  £2 266     0  0 

12  Graduates  transferred  to  Members  at  £1       .  12     0  0  4,976     0     0 

„   Subscriptions  in  arrear — 

81  Members  at  £3 243     0  0 

2  Associates  at  £3 6    0  0 

5  Graduates  at  £2 10     0  0      259     0     0 

..    Subscriptions  in  advance — 

26  Members  at  £3 78     0  0 

1  Graduate  at  £2 2     0  0       80     0     0 

„    Interest — 

From  Invest  m* mti 625     9  2 

From  WkUworth  Bequest 334     2  6 

From  Bank 71     1  1  1,030  12    9 

„   Corporation  Duty  1885-6,  1886-7,  1887-8  refunded  ....        70  13    8 
„   Reports  of  Proceedings — 

Extra  Oopiet  told 58  10    0 

£6,784  16    5 


By  Balance  brought  down 1,046  10     3 

By  Life  Compositions,  7  Memben  at  £50 350    0    0 

Cash  Balance  31*1   Deoembel  1888 2,236  17     3 


53     7     6 
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Dr.  BALANCE  SHEET 

£    s.   d. 
To  Sundry  Creditors — 

Accounts  dicing,  nut  ytt  rendered,  say 600     0     0 

Capital  of  the  Institution  at  this  date ,   .      .    33,708    4    9 


<::;i.:;08    4    9 


bythe/oll  noftfa  l-'ni'ii,,-.  Committee: — 


J06EPB  TOMLINSON, 
SIB  JAM  DOl  GL 


AXEXANDEB  B   w.  KENNEDY, 

JOHN  (•    man;  BUMLEY. 
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AS  AT  31st  DECEMBER  1890. 

By  Cash — In  Union  Bank,  on  Deposit      .... 
„         „        „      on  Current  account     . 
In  Imperial  Bank      .      .      .     470    G     1 
In  hand 29  13  11 


Or. 

£      s.    d. 


£      s.    d. 
1,200    0    0 

394    8     1 


500    0    0     2,094    8     1 


„   Investments— (cost  £18,888  9s.  3d.) 

£ 
3,178  London  &  North  Western  Ry.  4%  Debenture  Stock 

2,200  North  Eastern 

1,800  Great  Western 

1,270  Great  Eastern 

2,755  Metropolitan 

2,325  „  „    3*% 

1,000  Aire  &  Calder  Navigation         „ 

3,288  Midland  Railway  3% 

700  Sir  J.  Whitioorth  and  Co.,  Ld.  5% 
Two  hundred  £10  shares  Sir  J.  Whitworth  and  Co.,  Ld. 
The  Market  Value  of  these  investments 

at  31st  Dec.  1890  was  dbovi 
„   Subscriptions  in  Arrear  £488,  probable  value    .      .      . 
„   Office  Furniture  and  Fittings 


25,791  0  0 
280  0  0 
360    8    8 


„   Library 1,230  0  0 

„    Proceedings,  back  numbers  at  cost 4,450  0  0 

„   Drawings,  Engravings,  Models,  Specimens,  and  Sculpture     .  102  8  0 

£34,308  4  9 


Audited  <in<l  c>  rtified  hy 

ROBERT  A.  McLFAN  red  Accountant, 

1  Queen  Victoria  Street,  London,  E.C. 
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LIST  OF   DONATIONS  TO   LIBRARY. 


Gas  Engineer's  Pocket  Almanack  ;  from  Messrs.  William  Sugg  and  Co. 

1 1  seription  of  the  North  Western  Railway  Bridge  over  the  Indus  at  Sukkur  ; 

from  the  Director,  North  Western  Railway. 
A-  neidea  (Vol.  IV),  by  Dr.  James  Henry  ;  from  the  trustees  of  the  author. 
Presidential  Address  to  the  Institution  of  Civil  Engineers,  by  Sir  John  Coode, 

K.C.M.G. ;  from  the  author. 
Report  of  the  Kew  Observatory  Committee,  1889  ;  from  the  Committee. 
James  Watt,  and  the  Application  of  Science  to  the  Mechanical  Arts,  by  Professor 

Archibald  Barr  ;  from  the  author. 
C"'inpagnie  des  Chemins  de  fer  de  l'Est,  Notices  sur  les  Objets  pre'sentes  a 
l'Exposition  Universelle  de  1S89,  Paris ;  from  Monsieur  Salomon,  Inge'nieur 
en  Chef  du  Mate'riel  et  de  la  Traction. 
Rules  for  Electrical  Installations,  compiled  and  adopted  by  the  Victorian 
Institute  of  Engineers  and  the  Fire  Underwriters'  Association  of  Victoria  ; 
from  the  Victorian  Institute  of  Engineers. 

.  its  Manufacture,  Properties  and  Uses,  by  James  Riley  ;  from  the  author. 
Classified  Lists  and  Distribution  Returns  of  Establishment,  Indian  Public  Works 

Department,  to  31  Dec.  1889 ;  ditto  to  30  June  1896  ;  from  the  Registrar. 
Interim  Report  on  the  Fruit  Blights  and  Diseases  of  Fruit-Trees,  by  Professor 

T.  Kirk  ;  from  the  New  South  Wales  Department  of  Technical  Education. 
Three  Pamphlets    French)  containing  Extracts  from  the  Bulletins  de  la  Societe' 
-  Ancien-  les   Ecoles  d'Arts  et  Metiers,  by  N.  J.  Rafiard ;  from 

the  author. 

on  the  Evaporation  of  Saccharine,  Chemical,  and  other  Liquids  by  the 
...,  by  James  Foster;  from  th<:  author. 

II    .  lbook,  by  W.  S.  Hutton  (fourth  edition)  ;  from  the 
•   or. 
Smokeless  Ex;  I  leriok  A.  Abel,  CIJ,  F.K.S. «  from  the  author. 

Btodiee  established  by  the  Imperial  Institute;  from 
B  .  I' .U.S. 
trical  I)  t  extended  ■real  in  Mine.-,  by  Albion  Ti 

B 

and  C  IJook,  1890;  from   Hetna  Gboiby 

I/ckwood  ei      • 

Eforeea  of  Steam  Engineering,  United  suites 
Bon  ml 
r.-   foi  Bailroad    1  and  Viaducts,  1890, 

from  the  author. 
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M.  Percy ;  from  the  author. 
ffinking  Appliances  at  Llanbradach,  by  William  Galloway ;  from  the  author. 
Engineering  Diagrams,  by  Thomas  Jones ;  from  the  author. 
Hie  Mode  of  Occurrence  of  Coal,  by  William  Galloway ;  from  the  author. 
L--'.vi_  -:--_:     ■  —  A-::-.-:  -:  ' '.■:  i-   M  ■:'..::.--.  V -/_•..  A-:--.  •■;:  .  rr  A    AL.;Loni ;   from 

'...-  ii:l:r. 
La  Carrosserie  a  ^Exposition  Unirerselle  de  1ST3,  by  G.  Anthoni ;  from  the 

.~:A:. 
Map  of  the  Japanese  Seas,  showing  the  tracks  of  the  vessels  of  the  Nippon 

Tusen   Kaiflha  (Japan  Mail  Steam  Ship  Company);  from  Mr.  William 

TL-v   F:r       1   ■.'._•■■-.    :;;:..-■:    ::  :_   •■  Baginc  :  r:\_A'    2-     F         > '•    :   :'r~    :*_  - 

: :  •  riv-..::=  A  "  E::  :.;-::-_-  " 
Drawings  of  Boiling  Stock  on  the  East  Indian  Bail  way,  designed  and  constructed 

at  the  Howrah  Workshops,  by  Robert  Webb  1  Carriage  and  Wagon 

-   perintendent ;  60m  Mr.  Richard  Pear 
Memorial  to  the   Bight  Hon.  Sir  Michael  Hicks-Beach,  Bart,  MP.,  by  the 

V.        '..   -'   ~   "'       ..       -     -'  A--"       •:   :..    1   :'..■:■    I.        :.".  1      :'   >"      :_    I  "  '.   : 

vington  E.  Fletcher. 

M.  Powis  Bale  (third  edition)  ;  from  the  auth  r 
List  of  Chinese  Lighthouses,  I  -sels.  Buoys,  and  Beacons.  I  -  1  the 

Inspector-General  of  Chinese  Customs. 
Method  of  reducing  the  Fire  Loss,  by  C.  J.  H.  Woodbury ;  from  the  author. 
Construction  of  Central  Station-.  T.  H.  W  ;odbury  ;  from  the  author. 

La    Thermodynamique    et    ses    Applications  aux    M  1   a    Yapeur,    by 

A.  Madamet ;  from  the  author, 
rfc—nina  de  fer  d'Interet  Local  en  France,  by  R.  Doux ;  from  the  author. 
Catalogue  of  Machinery,  Mc- 1  >:u:h  Kensington  Museum ;  with 

descriptive  and  historical  notes  by  E.  A.  Cowper  ;  from  the  Science  and  Art 

L  aj  ntea  at 
Final  Report  of  Royal  Commission  to  enquire  into  the  Sanitary  Condition  of 

Melbourne  ;  from  the  Royal  Sanitary  Commission,  Melbourne. 
Catalogue  of  Water-Tube  Steam  Boilers,  Ac. ;    from  the  Babcock  and  Wilcox 

Boiler  Co. 
The  following  official  publications  from  the  Government  of  New  South  Wales  : — 

Statistical  Begister  of  Xew  South  Wales  for  188S  ;  Annual  Reports  of  the 

Department  of  Mines  for  1888  and  1889 ;  Beport  of  t  f  Public 

Instruction  for  1889 ;    Papers  in  reference  to  Construction  of  Railw  . 

I«ongaose  Point;  Beport  of  Mr.  William  Thow  :tion   of  Rolling 

:    Mr.   R.    Price-Williams    on    Condition  of   Permanent 

ly    and    Works  of    New    South   Wales    Railways ;    Annual   Statement 
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of    Wades     carried     out     by    Public    Works    Department    during    1888; 

Australasian  Statistics,  1S8S-9  (preliminary  statement  in  part) ;  Report  on 

Dredging  Operations  (18SS),  by  the  Engineer-in-Chief  for  Harbours  and 

Riven ;   together  with    Reports    on    the  following : — Proposed  Drainage 

Works  for  the  Western  Suburbs  of  Sydney  (with  copy  of  Act  sanctioning 

Mine);    Proposed   Improvements   to   the    Entrance  of  Richmond  River; 

Proposed   Railway   from    Culcairn    to  Corowa;    Proposed    Railway   from 

Goulburn  to  Crookwell ;  Proposed  Railway  to  connect  the  North  Shore 

Railway  with  Port  Jackson  at  Milson's  Point  (second  report). 
Register  of  Fellows  and  Associates  of  the    Institute  of  Chemistry  of  Great 

Britain  and  Ireland,  1890  ;  from  the  Institute. 
Sydney  Technical  College,  Calendar  1890 ;  from  Mr.  Norman  Selfe. 

-ition  Universelle   Internationale    de   1889:     Congres    International  des 

Procede's  de  Construction,  tenu  a  Paris  du  9  au  14  Septembre  1889;  from 

Monsieur  G.  Eiffel. 
Chronological,  Historical  and  Heraldic  Charts  of  the  Royal  House  of  England 

from   King  Egbert  to  the  Present  Time,  by  I.   A.  Timmis;    from  the 

author. 
Annual   Reports  of  the   U.S.   Chief  of  Ordnance,  1889  and  1890;   from  the 

Ordnance  Office,  "Washington,  U.S. 
British  Iron  Trade  Report,  1889  ;  from  Mr.  J.  S.  Jeans. 
Lindner  System  of  Compound  Locomotives;  from  Capt.  Fairholme,  R,N. 
Efficiency  of  Gas  Engines,  by  Thomas  L.  Miller;  from  the  author. 
How  to  Forecast  the  Weather  months  in  advance,  by  Alfred  J.  Cooper;   from 

the  author. 
r  of  Horatio  Allen,  by  M.  N.  Forney ;  from  the  author. 
il    University   Register,   1889-90  (second  and   third   editions);   from   the 

Ciiiver.sity. 

:.iile   of   the    Indenture  of  William    Tongue's  Apprenticeship  to  Messrs. 

Bonlton  and  Watt,  5  Ang.  17U7;  from  Mr.  Richard  B.  Prosser. 

t    del  Proprie'tes  de  L'Acier,  b y  MM.  Osmond  and  Worth ;  from 
I'.  Osmond. 
I  Miignetismo   permanent  des    Aciers,    by  P.  Osmond;  from   the 

anther. 

nape,  by  I'.  ( tanond  ;  from  the  author, 
ion  of  Ordnance;  bom  the  Ordnance  Office,  Washington, 

[■   D  ,  or  the  ',»i..       B      ne  and   Retreat  of  Emm,  Governor  of 

Bqnatoria,       i  Stanley;  bom  Mi         Olowei  and  Sons. 

I     at  [mproremeni   ;  bom  Mr.  William  A.  Valon. 

i  ■  ad  rail  (extract  from  Rerue  Gtenerale  dei 

Cb  i  i  <  .in  Monsiem  BS.  Sanra 
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Electric  Light  Fitting,  by  John  W.  Urquhart ;  from  Messrs.  Crosby  Lockwood 

and  Co. 
Effects  of  Training  Walls  in  an  Estuary  like  tlie  Mersey,  by  L.  F.  Vernon- 

Harcourt ;  from  the  author. 
Power  Companies  and  Power  Transmission  by  Compressed  Air,  by  Norman 

Selfe ;  from  the  author. 
Electrical  Engineer's  Pocket-Book,  by  H.   K.   Kemp  ;    from  Messrs.   Crosby 

Lockwood  and  Co. 
Magnetic  Properties  of  Alloys  of  Nickel  and  Iron,  by  Dr.  John  Hopkinson, 

F.R.S. ;  from  the  author. 
Boiler  Explosions  1889,  by  Edward  B.  Marten  ;  from  the  author. 
Board  of  Trade  Reports  on  Boiler  Explosions  ;  from  the  Board  of  Trade. 
Wattles  and  Wattle-Barks,  by  J.  H.  Maiden ;  from  Mr.  Norman  Selfe. 
Red-Hot  Furnace-Crown  Experiments  ;  from  Mr.  Lavington  E.  Fletcher. 
Technical  Education,  by  Professor  Robert  H.  Smith ;  from  the  author. 
Human  Beast  of  Burden,  by  Otis  T.  Mason ;  from  the  Smithsonian  Institution. 
Report  on  the  section  of  Steam  Transportation  in  the  U.S.  National  Museum. 

188G ;  from  the  Smithsonian  Institution. 
Le  Chemin  de  fer  Decauville  pendant  1' Exposition  de  1889 ;   from  Monsieur 

Decauville. 
Public  Works   Department  Serials,   from   the  India   Office : — No.  18,   Papers 

relating  to  Water-Supply  Schemes  in  India,  part  I  (Major  Works);  No.  19, 

ditto  part   II;  No.  20,  ditto   part    III    (Minor  Works);    No.   23,   Papers 

relating  to  the  Orissa  Coast  Canal  (second  series) ;  No.  24,  Papers  relating 

to  the  Khushdil  Khan  Reservoir  Scheme;  No.  25,  Papers  relating  to  the 

Kohima  and  Gauhati  Water-Supply  Schemes  and  the  Mhow  Water  Works  : 

No.  26,  Papers  relating  to  the  Sangam  Anicut  Project. 
<■  >ld  Fields  of  Suuth  Africa  ;  from  Mr.  S.  II.  Farrar. 
The  Great  Tower  for  London  ;  from  the  Tower  Co. 
Kxpviiiucnts  on   Engines  at  the  Copenhagen  Water  Works,   by  F.  Ollgaard ; 

from  Mr.  Bryan  Donkin,  Jun. 
Presidential  Address  to  the  British  Association  far  the  Advancement  of  Science, 

Leeds  1890,  by  Sir  Frederick  A.  Abel,  C.II..  l-'.K.S. ;  from  tl.e  author. 
Progress  and  work  of  the  Institute  of  Patent  Agents,  by  H.  Howgrave  Graham; 

from  the  author. 
New   form  of   Biemeni   Furnace,  arranged  to  recover   waste  gases   as  well  it- 
waste  heat,  by  John  Head  ;   from  the  author. 
Electric   Lighting  and    Fire  Insurance    Rules,  by  Wilson    Haitnell;  from 

author. 
Hardening    nnd   Tempering  of  Steel,  by  William    Chand]  r   Bol 

C.i;..  F.R  S. ;  from  the  author, 
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Calendar  1890-91,  and  second  supplement  of  the  Library  Catalogue  of  the  Royal 
hnicaJ  High  School,  Berlin;  from  the  Rector. 

Silver,  Gold,  and  Mercury  in  the   United  States,  Vol.  II,  by 
Tli-  d    -  Egleeton,  LL.D.;  from  the  Proprietors  of  "Engineering." 
Exj  BUT   le  Frein   automatiquc  Westinghouse  applique   sur   un   train 

30  voitures  entre   Court alain   et    Besse-sur-Braye ;    from  Mr.   Albert 

Kapteyn. 

following  from  Mr.  Henry  Chapman :— La  Compagnie  des  Hauts  Fourneaux, 

t  Aeie'ries  de  la  Marine  et  des  Chemins  de  fer  (Saint -Chamond) — 

ses   Travaux    militaires,   par    F.   Comportey ;    Note   sur  les  Locomotives 

I    mpoxmd,  Chemins  de  fer  de  Paris  a  Lyon  et  a  la  Mediterranee,  par  Ch. 

dry  ;  Fours  de  Verrerie  h,  Pots  et  a  Bassin  chaurlcs  au  Gaz  avecChaleur 

recupereV ;  Fabrication  du  Gaz  d'Eclairage,  Fours  de  Distillation  chauffe's 

au    Gaz    avee    Chaleur   re'euperee    (systeme   R.    Radot    et    Lencauchez); 

Applications  du  Gaz  en  1889,  par  Ph.  Delahaye ;  Nouvel  Eclairage  par 

L'Electrie»Gas,    lumiere    simili-edectriquc    saus    e'lectricite,    par    Georges 

Delaporte;    Resistance    des    Materiaux,  par  A.   Madamet;    La    Traction 

mecauique  sur  les  Yoies  ferrees,  par  Leon  Francq ;    Iron  versus  Wooden 

Cross-Ties    for    Railroads,  by  J.   L.   Weyers ;  Memoire  sur  la  Marche  a 

itre-Vapeur  dee  Machines  Locomotives,  notice  historique,  par  M.  Lo 

Chatelier;    Roburite,  the  new  safety  Explosive;  Note  sur  les  Conditions 

le  l'Etude  des  Machines  marines,  par  M.  Widmann;    Apparcils 

D     ribution  par  Tiroirs  &c.,  par  S.  Pichault  (with  atlas  of  Plates); 

\   •        in-  lesTyp  -  di  b  LocomotiveBet  des  "Voitures  presentee  a  l'Exposition 

(Jniyersellede  1889(Societe  des  Chemins  do  fer  Italiens  de  la  Mediterranee) ; 

d     I.  comotive  a  Grande  Vitesse  de  750  cheyaux-vapeur,  ctudiee  par 

Alt  Beothy;  Coin  elastique  en  Acier, systeme  David  (two  editions);  The 

a     .   •.  i:    ;  motion,  from  Poverty  to  Prosp  rity,  by  Richard  II.  Edmonds. 

adan    for    L890  91    from  the    following    Colleges :— University   College, 

,w    and    West   of   Scotland    Technical   College;    Yorkshire 

.1.      i ;  City  of  London  College ;  King's  College,  London. 

...  .     i      ;..  n    •:    ferdel'Etal  Beige  dn  Frein  Westinghouse, applique" 

am  balm  de  marchandises  en  Jnfllet  et  Aout    1890;   from   Mr.  Albert 

ii. 

rmination  of  the  Trm   Weight  of  a  Cubic  [nob  of  Distilled  Water,  by 

II.  .1.  '  bom  the  anther. 

•  l  tramway  from  Landsborongb  to  the  Blackall  Range,  by 
from  .Mr.  .J.  Alfred  Griffiths. 
.'ii'ini'ur  de  Q   a   Birn;  from  Mr.  Bryan  Donkin,  Jun. 

.  >pmi  lit,  |      -  ;n  ttOS  j    from  the  author. 

te    of    Steam    Fittings,  fto, ;    from  Messrs.   Brooki   and 
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Description  of    the   Witwatersrand   Gold    Fields,   South    Africa    (with    four 

coloured  geological  sections),  by  Thomas  D.  Williams ;  from  the  author. 
Indications  of  Retrogression  in  Pre-historic  Civilization  in  the  Thames  Valley, 

by  H.  Stopes ;  from  the  author. 
Factors  of  Safety,  by  Thomas  L.  Miller ;  from  the  author. 
Reports    of    the  American  Railway  Master  Mechanics'   Association   1874-7S, 

1880-81,  1S86-89  ;  from  Mr.  J.  Davis  Barnett. 
Conference    sur    les  Essais  des  Fers    et  des    Aciers  et  les  Laboratoires  do 

Mecanique,  by  E.  Cornut;  from  the  author. 
Recent  developments    in  High   Explosives,  by  Perry  F.   Xursey ;   from   the 

author. 
Fox's  system  of  Solid-pressed   Steel  "Wagon  and  Carriage  Frames,  by  Perry 

F.  Xursey ;  from  the  author. 
Communication  sur  les  Avantages  de  la  Haute  Pression  de  la  Yapeur  dans  les 

Machines  Compound,  par  A.  Lencauchez ;  from  the  author. 
La  Production  et    l'Emploi    de  la  Yapeur  considered    comme  Force   Motrice 

principalement  dans  les   Locomotives,  par  A.   Lencauchez   et  L.  Durant ; 

from  Monsieur  A.  Lencauchez. 
Catalogue  of  Models  illustrating  Mechanism  and  the  Elements  of  Machines  in 

the  Royal  College  of  Science  for  Ireland ;  from  Professor  II.  G.  Hennessy. 
Moteur  a  Gaz   Simplex,   Experiences   faites  sur  un  Moteur  de  cent  chevaux 

indiques,  par  A.  Witz  ;  from  Monsieur  E.  Delamare-Deboutteville. 
Report  of  the  Hydraulic  Engineer  on  the  Water  Supply  of  Queensland  ;  from  Mr. 

J.  B.  Henderson. 
Decimal  Coinage,  Weights  and  Measures  popularly  explained,  by  Sir  Guilford 

11  lesworth,    K.C.I.E.,    and  J.     Emerson     Dowson;    from    Sir    Guilford 

Moleeworth,  K.C.I.E. 
Scientific  Papers  of  Jamas  Clerk  Maxwell ;  from  the  Cleric  Maxwell  Memorial 

Committee. 
Second  Annual  Report  of  the  De  Beers  Consolidated  Mines  for  year  ending 

:;i  March  1890;  from  Mr.  Charles  Cochrane. 
Artesian    Well    at    Charlerille,    Queensland    (lithographed    drawing);     from 

Mr.  .1.  B.  Henderson. 
.M  Qufacture  of  Crucible  Cast-Steel,  by  Henry  S<  ebohm;  from  Messrs.  Seelohm 

and  Dieckstahl. 
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From  the  United  States  Geological  Survey. 

nth  and  Eighth  (two  parts)  Annual  Reports  of  the  United  States  Geological 

Surrey,  1885  B6and  1886-87,  by  J.W.Powell. 
Bulb  tins  of  the  United  States  Geological  Survey,  Nos.  48-57. 
The  fallowing  four  Monographs  of  the  Survey  : — 

XIII.  Geology  of  the  Quicksilver  Deposits  of  the  Pacific  Slope  (with  Atlas),  by 

George  F.  Becker. 

XIV.  Fossil  Fishes  and  Fossil  Plants  of  the  Triassic  Rocks  of  New  Jersey  and 

the  Connecticut  Valley,  by  John  S.  Newberry. 

XV.  The  Potomac  or  Younger  Mesozoic  Flora  (two  parts,  Text  and  Plates),  by 

William  Morris  Fontaine. 

XVI.  The  Paleozoic  Fishes  of  North  America,  by  John  S.  Newberry. 


The  following  Publications  from  the  respective  Societies  and  Authorities  : — 

of  the  Academy  of  Science,  France. 
A        I  -  des  Ponts  et  Chaussees,  Paris. 
Proceedings  of  the  French  Institution  of  Civil  Engineers. 
Journal  of  the  French  Society  for  the  Encouragement  of  National  Industry. 
rts  of  the  French  Association  for  the  Advancement  of  Science,  1889. 
del  Mines. 
Journal  of  the  ManeQlefl  Scientific  and  Industrial  Society. 

:  the  Industrial  Society  of  St.  Quentin  et  de  l'Aisne. 
of  the  Industrial  Society  of  the  North  of  France. 
igs  of  the  Industrial  Society  of  Rouen. 
Inge  of  the  Industrial  Society  of  Mulhouse. 
P  :.     Gtarman  Society  of  Engin<  • 

&  yal  Academy  of  Science,  Belgium. 
I  :  .    B  lyal  Institute  of  Engine  n,  Bolland. 

•   I.'  •    <    n*  and  Architects'  Society  of  Canton  Vaud. 
:   .   i  '  and  Architects' Society  of  Austria. 

r  the  Ei  n'l  Archii  oW  Societj  of  Pra  pie. 

'  and  Engineers'  Society  of  Bannover. 
I  Ingim      '  and  Archited  '  Bool 
Qgsof  thi   l.  and  Architect  '  Society  of  .'Milan. 

ogaof  t).'   I         ■  ;  [mperial  In  tituteof  Bs 
rVoo  edingi  of  t.  fcy  of  Bng 

ma]  of  the]  ty. 

Journal  of  the  Franklin  Institute. 
Tran.-,  American  Society  of  Civil  Engin 
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Transactions  of  the  American  Society  of  Mechanical  Engineers. 

Transactions  of  the  American  Institute  of  Mining  Engineers. 

School  of  Mines  Quarterly,  Columbia  College,  New  York. 

Report  of  the  Smithsonian  Institution. 

Report  of  the  Master  Car-Builders'  Association,  Xew  York. 

Proceedings  of  the  United  States  Naval  Institute. 

Transactions  of  the  Canadian  Society  of  Civil  Engineers. 

Proceedings  and  Journal  of  the  Asiatic  Society  of  Bengal. 

Proceedings  of  the  Engineering  Association  of  New  South  Wales. 

Proceedings  of  the  Institution  of  Civil  Engineers. 

Journal  of  the  Iron  and  Steel  Institute. 

Transactions  of  the  Society  of  Engineers. 

Journal  of  the  Institution  of  Electrical  Engineers. 

Transactions  of  the  North  of  England  Institute  of  Mining  and  Mechanical 

Engineers. 
Proceedings  of  the  South  Wales  Institute  of  Engineers. 
Transactions  of  the  Institution  of  Engineers  and  Shipbuilders  in  Scotland. 
Transactions  of  the  Chesterfield  and  Midland  Counties  Institution  of  Engineers. 
Transactions  of  the  Liverpool  Engineering  Society. 

Transactions  of  the  Midland  Institute  of  Mining,  Civil,  and  Mechanical  Engineers. 
Proceedings  of  the  Cleveland  Institution  of  Engineers. 
Transactions  of  the  Mining  Institute  of  Scotland. 

Transactions  of  the  North-East  Coast  Institution  of  Engineers  and  Shipbuilders. 
Transactions  of  the    Hull   and   District  Institution  of  Engineers  and   Naval 

Architects. 
Proceedings  of    the    South   Staffordshire  Institute  of  Iron   and   Steel   "Works 

Managers,  vols.  1-1. 
Proceedings  of  the  Royal  Society  of  London. 
Proceedings  of  the  Royal  Society  <>f  Edinburgh. 
Proceedings  of  the  Royal  Institution  of  Great  Britain. 
Transactions  of  the  Survivor.-'  Institution. 
Journal  of  the  Royal  United  Service  Institution. 
Professional  Papers  of  the  Royal  Engineers'  Institute. 
Journal  of  the  Royal  Agricultural  Society  of  England. 
Journal  of  the  Royal  Statistical  Society. 

Report  of  the  British  Association  for  the  Advancement  of  Science. 
K>  port  of  the  Royal  Cornwall  Polyti  ohnic  Society. 
Tran-  of  the  Institution  of  Xaval  Architects. 

Transactions  and  Journal  of  the  Royal  Institute  of  British  Archil 
■  f  the  Incorporate  'I  I  lai  Institute. 
•  dings  of  the  Physical  Society  of  London. 
Prooeedingi  of  the  Lib  rary  and  Philosophical  Sooii  ty  of  Blanch  Btcr. 
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Transactions  of  the  Manchester  Geological  Society. 

Journal  of  the  Royal  Scottish  Society  of  Arts. 

Proceedings  of  the  Philosophical  Society  of  Glasgow. 

Transactions  aud  Proceedings  of  the  Royal  Irish  Academy. 

Transactions  and  Proceedings  of  the  Royal  Dublin  Society. 

Transactions  of  the  Institute  of  Marine  Engineers. 

Journal  of  the  Liverpool  Polytechnic  Society. 

Journal  of  the  Society  of  Arts. 

Journal  of  the  Society  of  Chemical  Industry. 

Proceedings  of  the  Society  of  Architects. 

Transactions  of  the  Manchester  Association  of  Engineers. 

rt  &c  of  Ninth  Session  of  the  Junior  Engineering  Society. 

>rts  of  the   Manchester  Steam  Users'   Association ;    from  Mr.   Lavington 

E.  Fletcher. 
Midland  Steam  Boiler  Inspection  and  Assurance  Company,  Records  of  Boiler 

Explosions  in  18S4,  1885,  and  188G ;  from  Mr.  Edward  B.  Marten. 

>rt  of  the  National  Boiler  Insurance  Company ;  from  Mr.  Henry  Hiller. 

rt  of  the  Engine,  Boiler,  and  Employers'  Liability  Insurance  Company; 

from  Mr.  Michael  Longridge. 

■rt  of  the  London  Association  of  Foremen  Engineers  and  Draughtsmen. 

nth  Annual  Report  of  the  Barrow-in-Furness  Free  Public  Library. 
Thirty-seventh  Annual  Report  of  the  Liverpool  Free  Public  Library. 
Thirty-eighth  Annual  Report  of  the  Manchester  Public  Free  Libraries. 
Catalogue  of  Additions  to  the  Radclifte  Library,  Oxford,  during  1889. 


The  following  Periodical*  from  the  respective  Editors: — 


-  Chi  mini  »1<-  fer. 
I  ell'-  def  Mines. 
kri<  lie. 

I  I    ;  ur. 

hn. 

Giornale  del  G  •  ile. 

i  Btpafiol  y  Slid 

l . 

'  I  ..•lufartur*  r. 
I  ■   J'. urn.]. 

tkmaJ     Oil    md     I         motive       Ironmongery. 

The  Mechanical  World. 


TheHailroad  and  Engineering  Journal. 
The  Railway  Master  Mechanic. 
The  Indian  Engineer. 

Indian  I'.ir_'in<  61  in". 

The  Engine*  r. 

Engineering. 

The  Railway  Engineer. 

The  .Marin-  Engine*  i. 

Iron. 

The  Iron  and  Coal  Trades  1{.-ym-w. 

Byland'i  [ron  Trade  ( lircnlar. 
Th.-  [ronmongi  r. 
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The  Mining  Journal. 

The  Colliery  Guardian. 

The  Machinery  Market. 

The  Builder. 

The  Electrician. 

The  Electrical  Keview. 

The  Chamber  of  Commerce  Journal 

(from  Mr.  Henry  Chapman). 
The  Contract  Journal. 
The  Gas  World. 
The  Plumber  and  Decorator. 


The  Shipping  World. 

The  Steamship. 

The  Fireman. 

Industries. 

Invention. 

The  British  Trade  Journal. 

The  Practical  Engineer. 

Electrical  Plant. 

Mechanical  Progress. 

Hardware  Trade  Journal. 


The  President  congratulated  the  Members  upon  the  progress  of 
the  Institution  during  the  past  year,  as  shown  by  the  Annual  Report 
of  the  Council.  The  number  of  Members  he  trusted  would  continue 
to  increase,  as  it  had  done  during  1890.  The  Report  and  accounts 
spoke  so  plainly  for  themselves  that  it  was  needless  for  him  to  go 
into  any  details  ;  and  he  would  therefore  simply  move  that  thoy  be 
received  and  adopted. 

Mr.  Jeremiah  Head,  Past-President,  had  much  pleasure  in 
seconding  the  motion. 


No  Member  offering  any  remarks,  the  motion  was  put  to  the 
Meeting,  and  agreed  to. 
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ANNUAL    ELECTION    OF    OFFICERS. 


Jan.  1891. 


The  President  announced  that  the  Ballot  Lists  for  the  election 
of  Officers  for  the  present  year  had  been  oi)ened  by  a  committee  of  the 
( '<  ur.cil.  and  that  the  following  were  found  to  be  elected: — 


PRESIDENT. 


JOSEPH  ToMLINSON, 


London. 


VICE-PRESIDENTS. 

Alexander  B.  W.  Kennedy,  F.B.S., 
E.  Windsor  Bichards, 


London. 
Low  Moor. 


members  of  council. 
Arthur  Keen,     .....     Birmingham. 


William  If.  Maw, 
T.  Hurry  Riches, 
William  H.  White,  F.B.S., 
Thomas  W.  Worsdell, 


London. 
Cardiff. 
London. 
Arnside. 


The  Council  for  the  present   year  will  therefore  be   as  follows 


PRESIDENT. 


Joseph  Tom  l  in  son. 


past-presidents. 

The   Up. jit  Hon.  Lord  Armstrong,  C.B 

UC.I,.,  LL.D.,  F.B.S., 
BlB  LoWTHLAJ  Bell,  Bart.,  F.B.S., 

I'rederh  k     J.     BbamWBLL,      Hart 

IM'.I...  I'.l;.-.. 

: I  D    If.    (  '\rri 

Cham  h  ( '"<  eb  lnz, 
Thomai  Bawkslbt,  F.R.8., 

Hi'. 

JOHl     BAJMBOI 
&OBIB 

'  \.     B.     W]      I  MAi  TIT. 


London. 


Newcastle-on-Tyne. 
Northallerton. 

London. 

London. 

Btonrbridge. 

London. 

Middlesbrough. 

Alderley  Edge. 

Leek. 

Newcastle-on-Tyne. 
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.    VICE-PRESIDENTS. 

"William  Anderson,  D.C.L., 

Sir  James  X.  Douglass,  F.E.S.,    . 

Alexander  B.  W.  Kennedy,  F.E.S., 

Arthur  Paget,  .... 

Sir  James  Eamsden,    . 

E.  Windsor  Eichards, 


Woolwich. 

London. 
London. 
Lou£'hborouo;h. 
Barrow-in-Furness. 
Low  Moor. 


MEMBERS    OF    COUNCIL. 

Benjamin  A.  Dobson,  .... 
Sir   Douglas    Galton,    K.C.B.,    D.C.L., 

F.E.S.,    . 
John  Hopklnson,  Jun.,  D.Sc,  F.E.S., 
Samuel  W.  Johnson,   . 
Arthur  Keen,     . 
William  Laird,  . 
John  G.  Mair-Eumley, 
Henry  D.  Marshall, 
Edward  P.  aIartin,    . 
William  H.  Maw, 
T.  Hurry  Eiches, 
Bexjamix  Walker, 
William  H.  White,  F.E.S., 
J.  Hartley  Wicksteed, 
Thomas  W.  Worsdell, 


Bolton. 

London. 

London. 

Derby. 

Birmingham. 

Birkenhead. 

London. 

Gainsborough. 

Dowlais. 

London. 

CardilV. 

Leeds. 

London. 

Leeds. 

Arnside. 


The  Pbssedknt  thanked  the  Members  of  the  Institution  for  re- 
electing him  as  their  Pr<  -ident  for  a  second  year  of  office.  When 
elected  a  year  ago  he  had  promised  to  do  his  best  for  the  benefit  of 
the  Institution,  ami  to  endeavour  to  carry  on  the  work  in  an  efficient 
and  proper  manner.  This  lie  had  tried  to  do,  and  ho  hoped  it 
might  be  inferred  from  his  re-election  that  he  had  succeeded  to  the 
satisfaction  of  the  Members.  At  any  rate  he  was  prepared,  health 
permitting,  to  do  his  best  during  the  present  year,  as  he  had 
endeavoured  to  do  during  the  past  year. 
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SUMMER    MEETING.  JAN.  1891. 


The  President  said  it  was  his  pleasing  duty  to  announce  that  it 
had  now  been  arranged  for  the  Summer  Meeting  of  the  Institution 
to  be  held  this  year  in  Liverpool,  in  response  to  the  following  letter 
of  invitation  which  had  been  received  from  the  Mayor  of  Liverpool, 
who  was  taking  a  great  interest  in  this  matter  and  was  a  personal 
friend  of  his  own  : — 

The  Town  Hall,  Liverpool,  W. 

Sir,  26  January  1891. 

I  have  the  pleasure  of  informing  you  that  at  a  largely  attended 

meeting,  .summoned  by  myself,  of  the  leading  engineers,  shipowners,  merchants, 

and  other  influential  residents  in  this  city  and  the  neighbourhood,  I  have  been 

requested  to  convey  their  cordial  invitation  to  the  Institution  of  Mechanical 

Engineers  to  hold  this  year's  Summer  Meeting  of  the  Institution  in  Liverpool  at 

end  of  July.     In  this  invitation  I  heartily  concur. 

Joseph  TomUnson,  Esq.,  I  am,  Yours  truly, 

President,  Joseph  B.  Morgan, 

tution  of  Mechanical  Engineers.  Mayor. 

The  election  of  new  Associates,  already  announced  (page  2),  included 
the  name  of  the  Mayor,  who  had  been  connected  for  a  number  of 
with  the  Telephone  Co.  of  London  ;  and  it  was  through 
his  indefatigable  exertions  that  the  use  of  the  telephone  had  grown 
to  :'  it  enormous  extent  in  this  city.     It  had  been  with  him  a 

•  of  labour  of  love,  and  he  had  worked  almost  incessantly  to  bring 
it  to  a  successful  issue.     As  a  director  also  of  the  various  subsidiary 

phone  companies  he  had  been  instrumental  in  carrying  out  the 
telephone  system  all  over  Great  Britain  and  Ireland.     Under  these 

nmstanoee  the  Council  had  considered  that,  while  not  himself  a 
mechanical  Mr.  Morgan  was  so  far  associated  with  practical 

entitled    to    election    as    an    Associate    of    tin's 

•itution  ;  and  in  the  election  which  bad  taken  place  at  the  present 
M<  mix  v   had  now  ratified  the  opinion  of  the  Council. 


'[  ■'    P  reminded    the    Members  that  at  the  present 

tl.e  appointment  had  to  be  made  of  an  Auditor  for  the 

j  r  r. 
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On  the  motion  of  Mr.  James  Platt,  seconded  by  Mr.  Edward  F. 
Daniel,  it  was  unanimously  resolved  that  Mr.  Kobert  A.  McLean, 
chartered  accountant,  1  Queen  Victoria  Street,  London,  be  re- 
appointed to  audit  the  accounts  of  the  Institution  for  the  present 
year,  at  a  remuneration  of  Ten  Guineas,  being  the  same  as  heretofore. 


By-Laws. 

Mr.  J.  Macfarlane  Gray,  in  pursuance  of  the  notice  given  at 
the  previous  General  Meeting,  proposed  the  following  motion  : — 

"  When  the  total  annual  subscriptions  paid  by  any  Member 
amount  to  thirty  annual  subscriptions  of  £3  each,  he  shall  thereafter 
be  declared  a  Life  Member  of  the  Institution,  entitled  to  all  the 
benefits  of  membership  without  any  farther  payment  to  the 
Institution." 

In  going  through  the  list  of  members  he  had  been  astonished  to 
find  that  the  number  of  those  who  had  now  been  members  of  the 
Institution  for  thirty  years  or  more  was  so  great.  According  to  the 
death-rate  deduced  from  the  deceases  during  1890  which  had  been 
announced  in  the  Annual  Report  of  the  Council,  the  average 
expectation  of  life  seemed  to  amount  to  102  years  beyond  the  average 
age  at  election.  The  year  1889  was  less  favourable  ;  but,  taking 
these  two  years  together,  the  average  expeetation  after  election 
appeared  to  be  still  over  three  score  years  and  ten.  The  explanation 
of  these  high  numbers  was  that  only  about  one  in  three  of  the 
members  continued  their  membership  during  life ;  and  as  the  result 
of  the  passing  of  this  motion  would  be  to  reduce  the  number  of 
lapsing  members,  the  funds  of  the  Institution  would  be  thereby 
benefitted  as  much  as  would  make  up  lor  the  creation  of  free  life 
members.  He  had  also  in  bis  mind  thai  ono  young  member,  with 
apparently  :i  distinguished  future   before   him,  who  hud   been  elected 

at  the  Lasl  meeting  after  being  proposed  by  himself,  and  with  whom 

he  had   talked  over  this  motion,  had    been  cut  oil"  before   he   bad  an 
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(Mr.  J.  Macfarlane  Gray.) 

opportunity  of  taking  his  seat  amongst  the  members  ;  he  referred  to 
the  late  ZNIr.  Peter  Borrie  Blair  of  Stockton-on-Tees. 

In  advocating  this  change  in  the  rules,  he  was  not  forgetting 
that  some  of  the  most  distinguished  members  dated  from  the 
formation  of  the  Institution  in  18-17.  They  had  therefore  paid 
forty-four  annual  subscriptions;  and  it  would  not  be  possible  to 
rectify  to  them  the  inequality  of  payments  which  the  rule  he 
was  now  seeking  to  establish  was  intended  to  mitigate.  He  knew 
that  the  original  members  still  had  the  good  of  the  Institution  at 
heart,  and  he  counted  uj^on  their  support.  According  to  the  wording 
of  the  motion  he  wished  it  to  apply  even  to  lapsed  membership.  He 
had  heard  of  some  members  who  under  temporarily  unfavourable 
circumstances  had  ceased  to  be  members.  If  any  such  there  were 
who  would  now  be  inclined  to  rejoin  the  Institution,  he  would  say 
that  their  total  subscriptions  ought  to  be  counted  in  to  make  up  the 
limit  of  £00.  In  bringing  this  motion  forward,  he  was  actuated 
merely  by  the  belief  that  it  was  a  reasonable  arrangement,  and  that 
it  had  only  to  be  put  before  the  members  to  be  at  once  accepted.  He 
had  taken  no  step  outside  to  get  support,  and  had  asked  no  member 
to  vote  for  it.  If  any  member  had  another  plan  to  propose,  it  would 
be  quite  in  order  to  introduce  an  amendment  to  that  effect  now;  for 
lie  had  intimated  at  the  previous  meeting  that  his  motion  was 
intruded  to  indicate  a  principle  only,  and  that  the  number  of  years  or 
any  other  detail  in  the  proposal  might  be  modified  during  the 
discussion  at  the  present  meeting.  It  might  be  said  that  the 
alteration  was  not  required,  seeing  that  a  new  rule  had  been  made 
only  two  \c\.v<  ago  (By-law  L5),  empowering  the  Council  at  their 
retion  to  reduce  or  remit  the  annual  subscription  or  the  arrears 
cription  of  any  member  who  had  been  a  subscribing  member  of 
the  Institution  for  twenty  years  and  had  become  unable  to  continue 
bis  subscription,  provided  of  course  that  the  Council  thought  the 
prop  )■  one  \<>  be  so  dealt  with.  During  the  discussion  of  that 
roll  (Proceeding  1880,  page  80)  he  had  endeavoured  to  introduce  a 
limit  of  full  subscription,  and  after  that  limit  a 
sd  annua]  sub  cription  of  only  £1.  His  view  had  been  then, 
ow,  that  reduced    abscription  or  Life  privilege  ought  to  be 
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entered  upon  by  right,  and  not  alone  by  favour,  by  all  who  had  paid 
for  a  certain  term  of  years.    He  did  not  wish  however  in  the  slightest 
degree  to  question  the  wisdom  or  the  propriety  of  the  new  rule  then 
passed ;  its  application  was  an  honour  to  the  life  member  and  a  credit 
to  the  Council.     Other  members,  who  like  himself  did  not  presume 
that  they  had  any  likelihood  of  meriting  the  special  favour  of  the 
Council  to  that  extent,  might  have  good  reasons  for  desiring  that  the 
annual  calls  upon  them  should  be  diminished  as  their  age  increased. 
He  had  been  informed  of  one  instance,  in  which  a  member,  who 
thought   the   proposal    of  a     reduced    subscription   suited   his   own 
circumstances,   had    represented    that    he    felt    himself    unable    to 
continue    the   full    subscription,    and    was    anxious    to    retain   his 
membership ;     and    as    he    had    already    paid    thirty-one    annual 
subscriptions,  he  hoped  the  Council  would  allow  him  to  continue  his 
membership  by  an  annual  payment  of  £1.     To  this  application  the 
Council  had    not    acceded,    and   they   had   declined   to   accept   his 
resignation  unless  he  remitted  the  £2  balance  of  his  subscription 
before  the  end  of  the  year  then  current,  pointing  out  that  if  he  did 
not  he  would  become  liable  also  for  the  subsection  for  the  following 
year.     The  member  considered  that  his  means  did  not  justify  his 
doing  so.     He  had  not  received  any  further  proceedings  since  the  end 
of   that   year,    although,   having   paid   an    instalment  of   the   yea 
subscription,  he  was  at  the  time  only  eight  months  in  arrear.     After 
thirty-one  years'    membership    the   only   side   of    the    story   to    be 
considered  ought  to  be  that  which   the   member  felt  it  his  duty  to 
represent.     He  therefore  thought  that,  notwithstanding  the  new  rule 
passed    two    years    ago   for    the    remission  of   subscriptions    at    the 
•  Totion   of  the   Council,   a  further  alteration   was   still   required, 
such  as  was  embodied  in  the  motion  now  proposed. 

Mr.  Robert  Bruce  had  much  pleasure  in  seconding  the  motion. 
In  view  of  the  fact  that  the  capital  of  the  Institution  now  amount*  .1 
t  »  £33,000,  he  thought  it  would  be  desirable  to  stretch  a  point  in 
c  »ii>i(lciution  of  the  talent  and  ability  which  might  have  been 
imported  into  the  proceedings  by  those  who  had  been  members  for 
the  thirty  years  mentioned  in  the  motion. 
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ITr.  E.  "Windsor  Richards,  Vice-President,  was  strongly  in 
sympathy  with  the  motion  proposed.  Any  one  who  had  been  a 
consistent  and  useful  member  of  the  Institution  for  thirty  years  he 
thought  should  then  be  entitled  to  become  free   from  all  further 

scription.  Such  a  motion  if  carried  he  believed  would  strengthen 
the  Institution.  Members  who  might  now  sometimes  hesitate  about 
remaining  after  they  had  been  connected  with  the  Institution  for 
twenty  years  would  then  decide  to  continue  their  membership, 
because  they  would  reflect  that  in  a  few  more  years  they  would 
become  free  from  further  subscription.     It  might  be  that  to  some  the 

>cription  would  not  matter  much  from  a  monetary  point  of  view  ; 
but  there  were  others  who  could  not  altogether  consider  it  in  that 
light.  The  Institution  was  not  poor ;  they  had  already  more  than 
-~>,000  invested.  What  was  going  to  be  done  with  this  money? 
By  and  by  no  doubt  they  would  have  a  house  of  their  own  ;  but  it 
w<  mid  be  some  time  hence.  The  Report  of  the  Council  showed  a  net 
increase  during  last  year  of  eighty-five  in  the  number  of  members. 

posing  there  were  to  be  a  loss,  as  had  bcon  made  out  by  the 
8  retary,  of  about  £240  in  the  present  year  through  the  subscriptions 
ceasing  of  those  who  by  the  proposed  motion  would  be  released  from 
payment,  yet  the  increase  of  members  alone  would  make  up  that 
deficit.  The  members  lie  thought  would  be  justified  in  passing  this 
motion,  when  they  considered  that  they  had  now  had  a  rule  in  force 

the  last  year  (By-law  14),  whereby  members  on  payment  of  £50 
composition  were  exempt  from  further  subscription. 

Mr.  J.  P.  L.  Cboslahd  observed  thai  on  page  4  of  the  Annual 

Beport  it  was  stated   that  certain   gentlemen  had  "censed   to  be 

:  the  Institution  daring  the  past  year";  and  on  page  -r>  it 

farther  stated  that  in  addition  to  these  there  had  been  a  certain 

muni  ignations  of  membership."     Ee  asked  what  was-  the 

tinction  ing  to  be  a  member  and  resignation  of 

obership. 

Mr.  J.  Hautlei  \\'i<  j.  -  i  i.i.k  Member  of  Council,  noticed  that  the 

motion    ]<r<  STOlded    as   having  reference    to    any   Member 
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whose  total  subscriptions  amounted  to  thirty  annual  subscriptions  of 
£3  each,  that  is  £90.  Was  the  term  "  member  "  used  by  the  proposer 
in  a  general  sense  as  denoting  any  one  whose  name  was  on  the  roll 
of  the  Institution,  whether  as  a  Member,  or  as  an  Associate,  or  as  a 
Graduate  ?  or  was  it  used  as  meaning  strictly  a  full  member  who 
had  paid  £3  during  every  year  of  his  membership,  so  that  it  would 
not  extend  to  graduates  who  prior  to  becoming  full  members  had 
paid  an  annual  subscription  of  £2  for  several  years  ?  While  himself 
fully  in  sympathy  with  the  motion,  he  should  prefer  that  it  should  be 
confined  to  those  who  had  been  full  members  for  thirty  years  and  had 
paid  the  full  membership  subscription,  of  course  without  any  default 
in  the  regular  payment.  Irregularity  in  the  proper  observance  of 
the  rules  concerning  resignation  of  membership  gave  a  great  deal  of 
unnecessary  trouble ;  and  he  thought  therefore  in  the  retrospective 
a2>plication  of  such  a  privilege  as  was  contemplated  by  the  present 
motion  it  would  not  be  practicable  to  include  those  members  who 
had  been  in  default  with  their  subscriptions,  at  any  rate  until  that 
default  was  made  good  up  to  the  time  of  formal  resignation.  The 
distinction  about  which  Mr.  Crosland  had  asked,  between  resignation 
and  cessation  of  membership*,  was  the  wide  difference  between  a 
resignation  duly  given  in  conformity  with  the  agreement  signed  by 
every  member  on  his  election,  and  a  lapse  of  membership  which  took 
place  simply  because  after  repeated  applications  the  subscription 
owing  was  not  found  to  be  forthcoming.  When  such  default  had 
continued  for  two  years,  the  name  was  struck  off  the  roll  of  the 
Institution,  in  accordance  with  the  articles  of  association,  and  the 
membership  ceased. 

Mr.  James  Platt  presumed  it  would  still  be  optional  for  a 
member  to  continue  his  subscription  if  he  chose,  even  after  he  might 
have  come  within  the  operation  of  the  motion,  supposing  it  to  be 

curried. 

The  Pbxsidmnt  thought  any  such  option  was  hardly  contemplated 
in  the  motion  proposed. 
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ZNIr.  J.  F.  Flaxxeuy  considered  the  motion  was  right  in  principle. 
Although  it  might  he  said  that  any  one  who  for  thirty  years  had 
continued  to  enjoy  the  full  henefits  of  membership  owed  something  to 
the  Institution,  yet  on  the  other  hand  he  thought  that  a  member  who 
had  continued  in  the  Institution  for  so  long  deserved  well  of  it;  and 
such  an  honour  as  was  proposed  by  the  present  motion  would  be 
highly  appreciated,  even  quite  apart  from  the  remission  of  what 
utter  all  was  not  a  large  annual  payment. 

Mr.  Benjamin  A.  Dobson,  Member  of  Council,  also  cordially 
supported  the  motion.  This  was  not  a  commercial  Institution  ;  and 
provided  it  could  pay  its  way  and  keep  everything  straight,  it  was 
d<  )ing  as  much  as  could  be  expected.  The  average  age  of  members 
on  joining  the  Institution  he  imagined  would  be  rather  over  thirty 
than  under.  If  therefore  a  member  had  paid  his  subscription  for 
thirty  years,  he  would  have  arrived  at  an  age  when  if  he  had  not 
retired  from  business  he  might  be  expected  to  be  thinking  about 
doing  so :  although  fortunately  there  were  many  members  of  this 
In-titution  who  had  considerably  exceeded  that  limit,  and  were  still 
actively  engaged  in  engineering  matters.  The  society  of  such 
members  was  more  valuable  to  the  Institution  than  their 
subscriptions.  He  could  not  agree  with  Mr.  Wicksteed  that  a 
subscriptions  prior  to  his  transference  to  membership 
ought  to  be  excluded  from  the  calculation  of  the  total  amount 
contemplated  by  the  motion.  One  object  of  the  Institution  was  to 
jitti  many  young  engineers  as  possible  to  join  as  graduates,  with 

:i  view  to  their  becoming  members  in  future  ;    and  he  thought  it 

dd  not  be  fair  I  i  leave  out  of  account  the  amounl  of  subscriptions 

v  might  have  paid  as  graduates.  Such  matters  of  detail  however, 
which  would  require  more  careful  consideration,  might  be  left  to  the 

.mil  t<>  deal  with  afterwards,  if  the  principle  were  accepted  of  the 
motion  Although  the  Loss  which  would  be  immediately 

incurred  byti  of  the  motion  was  estimated  at  the  sum  of 

'.  he  was  inclined  to  think  that  during  the 

it  would  be  found  not  to  exceed  £100  a  year.    The 

question     however    WSJ    ■    complicated     one,    coming    rather    more 
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within  the  province  of  an  actuary  ;  and  lie  was  not  able  to  go  into  it 
closely  himself.  The  motion  if  carried  he  considered  would  confer 
an  honour  upon  members  who  had  been  so  long  in  the  Institution ; 
and  the  fact  of  their  becoming  honorary  members  as  a  matter  of 
right  which  they  had  earned  for  themselves  would  even  increase  the 
value  of  the  honour. 

Mr.  Jeremiah  Head,  Past-President,  while  inclined  to  support  the 
motion,  thought  it  undesirable  for  the  discussion  to  terminate  without 
looking  just  a  little  at  the  other  side  of  the  question.  Reference  had 
been  made  to  the  fact  that  the  Institution  was  somewhat  wealthy, 
having  a  capital  of  more  than  £33,000  ;  and  the  question  had  been 
asked,  what  were  they  going  to  do  with  that  capital  ?  There  was  a 
desire  in  the  minds  of  a  great  number  of  the  members  that  they 
should  have  a  house  of  their  own  some  day ;  and  no  doubt  a  great 
deal  more  than  £33,000  would  be  required  before  this  desire  could  be 
realised.  Whether  the  motion  now  projiosed  were  passed  or  not,  he 
hoped  that  so  desirable  an  object  would  be  accomplished  sooner  or 
later.  The  immediate  question  now  under  consideration  was  however 
not  so  much  one  of  capital  as  of  income.  The  surplus  of  income 
in  excess  of  expenditure  had  for  some  years  past  amounted  to  about 
£1,000  a  year ;  last  year  it  was  seen  to  be  £1,046,  besides  which 
there  were  life  compositions  of  £350  carried  to  capital,  making  a 
total  of  £1,400,  which  sum  the  Council  had  already  arranged  to 
invest.  It  was  estimated  that  the  loss  which  would  ensue  irpon 
carrying  the  motion  would  amount  to  something  like  £240  in  the 
present  year.  Hence  the  probability  was  that,  if  the  motion  was 
carried,  the  saving  in  the  present  year  would  be  £240  less  than  if 
it  was  not  carried.  There  was  therefore  this  other  view  of  the 
question  to  be  considered  ;  and  if  the  members  passed  the  resolution, 
they  must  be  prepared  to  face    diminished  savings.     The  question 

whether  the  revenue  would  really  recoup  itself  from  that  1< 
by    aid    of   the  stimulus    which    the    motion  would  give    to    longer 
tnbership.     !!<■  looked    upon  the  motion   as   offering   a  premium 
long-continued    membership  J    it   would    in    fact    confer    ■    new- 
privilege  on  members,  that  is,  their  subscriptions  would  entitle  them 
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lomething  they  had  not  Lad  before.  That  would  no  doubt  have 
the  elt'ect  of  stimulating  many,  who  joined  for  a  few  years  and  then 
retired,  to  remain  on  for  the  thirty  years.  The  principle  was  similar 
to  that  of  compounding  for  life  membership.  As  had  been  pointed 
oat  by  Mr.  Richards,  a  member  could  now  compound  by  a  payment 
in  advance  of  £50,  or  nearly  seventeen  years'  subscription.  The 
average  age  of  a  member  on  joining  the  Institution  had  been  taken 
by  Mr.  Dobson  at  something  more  than  thirty.  Supposing  it  were 
taken  at  forty,  then  by  the  ordinary  rule  the  expectation  of  life  at 
that  age  would  be  twenty-three  years.     Therefore  the  payment  of 

\nteen  years'  subscription  in  the  form  of  a  life  composition 
of  £50  at  the  age  of  forty  might  be  looked  upon  as  entitling  to  a 
membership  of  twenty-three  years.  Instead  of  £50  down,  a  payment 
of  £90  spread  over  thirty  years  was  the  alternative  proposed  in  the 
motion  now  brought  forwards.  There  was  therefore  no  startling 
novelty  in  the  proposal ;  and  even  if  it  entailed  some  loss  to  begin 
with,  it  conferred  at  the  same  time  a  new  privilege,  which  he  thought 
would  make  the  Institution  yet  more  popular  than  hitherto.  It  would 
tend  to  induce  members  to  stick  closer  to  their  membership,  and  he 
did  not  think  there  would  ultimately  be  any  harm  done.  He  therefore 
thought  he  should  record  his  own  vote  in  favour  of  the  motion. 

Mr.  IIknuy  D.  Marshall,  Member  of  Council,  quite  agreed  with 

the  principle  of  the  motion,  and  also  with  Mr.  Wicksteed  in  hoping  it 

Idh  confined  to  full  members,  ho  that  only  a  full  member  who 

had  paid  the  full  subscription  for  thirty  years  should  become  a  life 

member  of*  the  Institution.     If  the  motion  were  to  include  graduates, 

ought    it  would   open    a    loop-hole    which    might    be    really 

krimental  to  the  Institution.    Such  a  boon  conferred  on  members 

ntinued  in   the  Institution   for  thirty  yean  would  tend  to 

I     ••'•:;  and  the  effect  of  the  immediate  pecuniary 

would  tin  i  minimised.    The  latter  however  was  a  financial 

:i  ;    and    th'  if  the    principle    of  the    thirty   years'  full 

l  to,  and  it  were  then  left  to  the  Council 
application  on  that  basis,  he  thought  the  motion 
;  .    enefit  1  tution. 
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Mr.  J.  F.  L.  Crosland  thought  the  remarks  made  by  Mr.  Dobson 
had  put  the  whole  matter  into  a  position  in  which  it  could  be  settled 
as  a  pure  question  of  finance.  Looking  at  the  subject  from  an 
actuarial  point  of  view,  an  annual  premium  of  about  £3  paid  to  a  life 
insurance  society  by  a  person  commencing  at  any  age  from  twenty- 
five  to  thirty  would  insure  £100  at  the  age  of  sixty.  Clearly 
therefore  it  was  only  necessary  to  take  the  actual  sum  received 
from  a  member  during  thirty  years,  and  to  make  the  calculation 
purely  at  a  life  insurance  rate,  in  order  to  decide  whether  that 
amount  would  be  equal  to  the  £50  down,  which  already  enabled  a 
member  to  compound  for  future  payments.  Without  having  gone 
into  the  figures,  he  considered  that  a  subscription  of  £3  per  annum 
for  thirty  years  would  be  more  than  equivalent  to  the  payment  of 
£50  down.  When  looked  at  in  this  way,  the  motion  now  proposed 
he  thought  would  be  found  a  safe  one  for  the  financial  interest  of  the 
Institution. 

Mr.  Benjamin  Walker,  Member  of  Council,  did  not  agree  with 
the  motion  proposed.  It  was  entirely  a  question  of  money  value  to 
the  Institution.  There  would  be  a  certain  immediate  loss  by  the 
arrangement ;  and  he  believed  it  would  prove  to  be  no  practical 
advantage  to  the  Institution.  For  he  thought  that  comparatively 
few  members  discontinued  their  connection  with  the  Institution 
because  of  poverty.  But  it  was  not  unfrequcntly  the  case  that 
riches,  leading  to  retirement  from  active  business  pursuits,  led  also 
to  diminution  of  interest  in  the  Institution  and  to  resignation 
of  membership,  notwithstanding  ample  means  to  continue  the 
subscription.  The  amount  of  the  subscription  was  simply  a  question 
of  commercial  arrangement,  and  was  now  working  well,  and  he 
considered  that  there  was  no  need  to  alter  it.  If  there  was  any  one 
who  deserved  to  continue  a  member  of  the  Institution,  and  the 
Council  were  satisfied  that  he  had  not  the  means  to  continue  paying 
his  subscription,  they  were  empowered  by  the  by-law  passed  two 
years  ago  to  let  him  continue  to  receive  the  benefits  of  the  Institution 
as  a  member  without  payment.  The  Institution  had  to  be  carried  on 
by  labour  of  various  kinds  ;  and  every  one  knew  how  almost  all  ki 

L  2 
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of  labour  involved  a  greater  cost  now  than  at  any  former  period.  If 
the  present  motion  were  passed,  the  Institution  would  be  going  to 
reduce   it-  income  in  the  face  of  continually  increasing  work  and 

i  nditure  ;  that  was  not  the  way  to  get  rich  enough  for  obtaining  a 
house  of  their  own.     At  the  present  time  the  accounts  showed  that 

ut  £1,400  a  year  was  being  carried  to  capital;  but  much  more 
than  that  amount  would  have  to  be  put  by  annually,  if  it  were  really 
intended  ever  to  have  a  house  of  their  own  for  the  Institution.  If 
this  was  to  be  an  Institution  large  enough  to  influence  the  world  in 
mechanical  engineering,  it  must  be  far  bigger  than  it  was  now. 
Whatever  was  done  therefore,  he  urged  the  members  not  to  let  the 
income  of  the  Institution  be  reduced.  If  the  adoption  of  the  motion 
proposed  would  entail  an  immediate  loss  of  more  than  £200  a  year, 
then  by  all  means  he  would  advise  that  no  such  arrangement  should 
be  made. 

Mr.  JosErn  Adamson  did  not  agree  with  the  alteration  aimed  at 

by  the  motion  proposed;    he  did  not  see  any  necessity  for  it.     The 

l.y-law    passed    two    years    ago    enabled    any    member    who   was 

unfortunate    in    after   life    to   ask   that   his   subscription   might  be 

r  initted  ;  and  he  was  quite  of  opinion  that  in  any  such  case  of  real 

Uiigfiirtune  the  amount  of  sentimental  feeling  involved  in  asking  the 

; noil  to  remit  the  subscription  until  better  times  would  be  very 

..ill  indeed.     lie  quite  agreed  with  Mr.  Walker  that  the  expenses  of 

the  Institution  were  likely  to  increase,  independently  of  having  any 

place   of  meeting  of  their  own.      They  had  a  Kescarch  Committee, 

wli  <  nditure  was  shown  in  the  yearly  accounts ;  and  although 

of  the  members  might  not  find  it  convenient  to  give  a  large 

iption,  still  they  would  do  far  more  good  by  contributing  their 

to  help  forward  frhat  they  all  lived  by,  than  by  accepting  a 

ion  of  their  subscription  after  a  term  of  years.     If  tl*e  income 

of  the  i     '  •  ttion  were   reduced,  be  waa  quite  sure  its  power  of 

fulness  would  be  reduced,  and  also  the  power  of  maintaining  its 

S  I  f;ii-  from    looking  forwards  to  a  remission  of 

iption    after    thirty    years'    membership,    he    thought  that 

any  one  who  like  him*  If  had  already  been  a  member  tox  twenty  years 
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should  rather  be  hoping  that  certainly  after  another  ten  years  he 
would  be  much  better  able  to  pay  his  subscription  than  he  had  been 
when  he  joined  the  Institution.  If  any  alteration  were  to  be  made, 
he  should  prefer  some  arrangement  whereby  young  members  could 
come  in  at  a  lower  subscription,  and  that  their  subscription  should  be 
increased  as  they  got  older.  Notwithstanding  that  the  motion 
proposed  had  already  been  so  well  supported,  he  should  himself  vote 
for  its  rejection. 

Mr.  James  Platt  asked  whether  the  case  referred  to  by  Mr. 
Macfarlane  Gray  had  occurred  before  the  by-law  of  two  years  ago  had 
been  passed  for  enabling  the  Council  at  their  discretion  to  remit  the 
subscription  of  a  member  unable  to  pay  ;  or  whether  it  was  a  fact 
that  the  by-law  did  not  apply  to  that  case  for  some  reason  or  other. 

Mr.  J.  Macfarlane  Gray  replied  that  the  Council  had  declined 
to  apply  the  by-law  in  the  instance  referred  to,  which  had  occurred 
subsequently  to  the  passing  of  the  by-law. 

Mr.  Edward  F.  Daniel  asked  whether  any  case  had  yet  occurred 
of  a  subscription  being  remitted  in  virtue  of  the  by-law. 

The  President  replied  in  the  affirmative. 

Mr.  David  Joy  thought  the  motion  proposed  would  be  a  benefit 
to  the  Institution,  rendering  it  more  popular,  and  inducing  more 
members  to  join;  and  that  the  lose  en  members  coming  within  the 
range  of  the  time  of  exemption  would  not  be  nearly  so  large  as  it 
Appeared  in  figures,  inasmuch  as  most  of  such  members,  old  and  well- 
tried  friends  of  the  Institution,  while  appreciating  the  court. 
proffered,  would    decline    to    avail    themselves  of   the   small   money 

advantage.    But  there  \va>  another  point  which  seemed  not  to  have 

been  taken  into  consideration.      The  subscription   1 0  thifl    Institution 

Og  (.nly  £o  appeared    :i    miall   matter;    but  there  were  no  doubf 

others    like     himself,    who    were    members    of    a    number    of    other 

institutions,   the  item   of   subscriptions    thus    mounting    up    to    a 
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substantial  sum.  In  making  a  selection,  the  preference  would 
naturally  be  given  to  those  institutions  offering  the  greatest 
advantages.  It  therefore  appeared  to  him  advisable  to  render  the 
Institution  as  popular  as  possible,  and  so  to  make  it  to  the  interest 
of  engineers  not  only  to  join  it  but  to  stand  by  it. 

Mir.  Charles  E.  Cowper  asked  whether  any  idea  had  been  formed 
i  the  prospective  loss  of  income  likely  to,  attend  the  proposed 
motion  if  carried.  An  estimate  had  been  mentioned  by  Mr.  Richards 
that  the  result  would  be  a  loss  of  £240  on  the  income  of  the 
Institution  in  the  present  year.  But  had  it  been  calculated  what 
the  loss  would  be  ten  years  hence  ?  He  imagined  it  would  be  an 
increasing  loss,  and  would  perhaps  represent  an  increasing  percentage 
of  the  income. 

The  President  replied  that  it  seemed  likely  to  be  an  increasing 
amount,  so  far  as  could  be  foreseen  at  present. 

Sir  James  N.  Douglass,  Vice-President,  said  that,  ever  since  this 

matter  had  first  been  brought  forward  by  Mr.  Macfarlane  Gray  more 

than  two  years  ago,  he  had  himself  given  it  frequent  and  serious 

attention  ;  and   lie  was   sure   that  every  member  would  give  it  the 

consideration  it  deserved,  as  it  was  a  matter  of  very  great  importance 

.'    Institution.     If  he  were  to  give  way  wholly  to  sentiment,  lie 

should   go  entirely  with  Mr.  Gray,  not  altogether  because  ho  was 

•n  old  friend,  but  because  ho  had  put  the  matter  so  earnestly,  both 

OH  ■  farmi  r  occasion  and  now  again  at  the  present  meeting,  that  ho 

If  almost  ready  to  follow  him  implicitly.     Tho  members 

however  in  the  first  instance  what  wore  the  best 

infa  Institution.    Its  present  work  could  not  be  carried  on 

without  s  lai  aditure;   and  as  the  work  was  year  by  year 

p<  aditure  was  naturally  increasing  also.    Moreover 

it  must  not  be  forgotten  that  the  innovation  now  proposed  was  a 

com]  Ity.      Tli':    Institution   of   Qifi]    Engineers  had  no 

provision  of  the  kind  ;   and  one  of  the  causes  which  contributed 

.  to  the  oi*  that  Institution  was  its  accumulated  wealth. 
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Why  should  not  the  Institution  of  Mechanical  Engineers  also  have  a 
house  of  their  own?  There  were  many  wealthy  members  who  ho 
knew  would  come  forward  and  assist  as  soon  as  ever  the  matter  was 
fully  ripe.  Hitherto  the  Council  had  perseveringly  been  trying  to 
ripen  it  for  a  number  of  years  ;  and  although  they  had  not  yet 
accumulated  funds  sufficient  for  the  purpose,  they  could  not  see  why 
they  should  not  persevere.  'It  was  simply  the  support  of  their 
members  which  had  enabled  the  Institution  of  Civil  Engineers 
to  provide  themselves  with  a  house  affording  the  accommodation 
they  required ;  and  the  same  would  hold  good  in  regard  to  the 
Institution  of  Mechanical  Engineers.  Even  if  the  motion  now 
proposed  were  made  into  a  by-law,  he  should  feel  for  his  own  part 
that  he  could  not  accept  the  provision  it  embodied,  so  long  as  he 
could  afford  to  continue  the  payment  of  his  subscription.  He  was 
happy  to  know  that  he  could  express  the  feelings  of  his  colleagues 
during  the  time  that  he  had  been  on  the  Council  with  regard  to 
members  who  were  not  able  to  pay.  Since  the  Council  had  been 
empowered  by  the  by-law  passed  two  years  ago  to  remit  a  subscription 
under  such  circumstances  at  their  discretion,  every  case  like  that 
referred  to  by  Mr.  Gray  had  been  carefully  considered,  with  every 
p  esible  disposition  in  its  favour  so  far  as  was  believed  to  be 
consistent  with  the  regard  due  to  the  interests  of  the  Institution ;  and 
he  was  sure  the  Council  had  gone  as  far  as  they  felt  themselves 
supported  by  the  by-law.  Having  himself  every  regard  for  the 
proposer  of  the  present  motion,  and  every  symjmthy  with  the 
feeling  which  had  prompted  him  to  bring  it  forwards,  he  nevertheless 
hoped  the  members  would  not  accept  it. 

Mr.   A.   C.   Bamlktt    concurred    in    opposing   the   motion.      It 

appeared  to  him  to  have  a  twofold  objeet :  to  give  relief  to  memb 
which,  so  far  as  lie  could  gather,  they  did  not  require  unless  only 
in  exceptional  eases;  and  to  do  honour  to  members  who  had  been  in 
the  Institution  for  a  great  number  of  years.  In  regard  to  the  latter. 
it  might  bo  possible  he  thought  to  find  some  other  means  of  doing 
moro  honour  to  such  members,  in  a  way  which  would  be  quite  a- 
effective  and  as  highly  appreciated  as  remitting  the  payment  of  their 
subscriptions. 
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Mr.  C.  F.  Archer  said  that  as  a  young  member  it  would  be 
twenty-eight  yean  before  be  should  have  the  benefit  of  the  proposed 
motion  if  it  were  carried.  He  should  therefore  prefer  to  support  the 
I  ion  made  by  Mr.  Adamson,  that  young  members  should  have 
the  benefit  of  joining  the  Institution  at  a  lower  subscription.  At  the 
same  time  he  thought  that  if  any  member  now  young  imagined  he 
should  be  likely  at  fifty-five  or  sixty  years  of  age  to  find  himself  not 
able  to  pay  £3  subscription,  he  had  better  throw  up  engineering  at 
once  and  try  something  else.  He  had  joined  the  Institution  with  the 
object  of  profiting  by  what  he  heard  at  the  meetings,  and  by  reading 
the  Proceedings,  so  as  to  enable  him  to  get  on  in  his  business ;  and  he 
believed  there  were  many  young  men  who  would  be  willing  to  join,  if 
they  could  do  so  at  a  lower  subscription.  Such  an  arrangement  he 
thought  would  increase  the  number  of  members  not  only  now  but  in 
the  future. 

Mr.  Benjamin  Brown  pointed  out  that  there  was  another  way  in 
which  it  was  necessary  to  look  at  the  loss  of  income  which  the 
in-titution  would  sustain  if  the  motion  now  proposed  were  carried. 
If  the  estimated  loss  of  £210  were  cajntaliscd  at  3  per  cent.,  it  would 
amount  to  about  £8,000,  and  would  be   equivalent   to  reducing  the 

ital  of  the  Institution  to  that  extent. 

Tli'     P&E8IDENT  had  listened  with   great  interest  to  Mr.  Gray's 

appeal  to  the  generosity  of  the  Institution.     As  one  of  the   oldest 

N  now  present,  he  must  say  he  had  a  strong  feeling  like  Sir 

Douglass   that    he  could  not  accept  the  remission  of   his 

■ubscription  after  the  thirty-four  years  which  bad  now  elapsed  since 

he  joined  the  Institution.    For  himself  he  would  rather  retire  than 

j lie  favour  proposed  ;  he  did  not  like  favours,  and  he  thought 

tin  rally  had  a  sufficient  spirit  of  independence  to  ag 

with  him  in  not  liking  favours,    As  to  the  instance  referred  toby 

i  f  inability  to  continue  paymenl  of  the  subscription,  he  was 

d  not  agree  in  the  inability  alleged.    Itseemed  to 

him   t:  rery  principle  of  the   motion   proposed   was  rather 

untenable.     The  tenant  of*  a  house  had  to  continue  paying  tin;  reni 
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long  as  lie  remained  the  tenant ;  after .  he  had  rented  it  for  thirty- 
years,  the  landlord  did  not  let  him  thenceforth  live  in  it  rent  free. 
Therefore  he  thought  there  was  not  much  in  the  argument  founded 
upon  length  of  membership.  Moreover  there  were  some  of  the 
richest  members  of  the  Institution  who  would  come  under  the 
operation  of  the  motion.  And  of  those  who  had  resigned  their 
membership  since  he  himself  came  upon  the  Council  eleven  years 
ago,  the  majority  he  believed  had  not  resigned  from  impecuniosity, 
but  were  as  well  able  to  pay  the  subscription  now  as  they  were  before 
they  resigned.  Looking  at  the  efforts  which  the  Institution  was 
now  making  by  their  Eesearch  Committee  to  enlarge  engineering 
knowledge,  and  also  at  the  desire  so  frequently  expressed  that  they 
should  soon  have  a  house  of  their  own,  he  certainly  thought  it  would 
be  unwise  to  take  a  step  which  might  endanger  either  of  these 
objects.  The  capital  of  the  Institution  was  now  £33,000,  and  they 
were  paying  £700  a  year  rent  for  their  offices ;  the  two  taken 
together  seemed  to  him  to  give  confidence  that  before  much  longer 
they  might  be  able  to  build  a  house  of  their  own.  They  were  now 
asked  to  give  up  £240  this  year ;  how  much  greater  the  loss  might  be 
in  the  following  years  he  did  not  know  exactly,  because  it  would 
depend  upon  the  death-rate.  The  latter  he  was  glad  to  know  was 
considerably  below  the  average;  whence  he  hoped  it  might  be 
inferred  that  a  longer  membership  was  to  be  anticipated  than  would 
otherwise  be  the  case.  In  support  of  the  motion  proposed,  some 
enrionfl  letters  had  been  received  :  in  certain  cases  the  thirty  years  of 
membership  had  already  been  completed  ;  while  in  others  a  shorter 
term  was  recommended,  such  as  would  just  suit  the  present  length  of 
the  writers'  membership.  Support  of  that  kind  he  thought  could 
hardly  be  regarded  as  genuine  ;  and  he  hoped  such  considerations 
won!  1  qoI  influence  the  decision  of  the  members  now  present.  Under 
iting  circumstances  he  certainly  should  not  voto  for  the  motion, 
Erase  lie  considered  it  would  hamper  the  Institution  in  what  they 
had  laid  themselves  out  to  do  by  means  of  their  Research  Commit: 
as  well  as  in  other  ways.     During  his  pn  y  they  had  spent  m 

than   £600  last   year  in  research  ;  and  if  they  went  on  to  s]» 

another  £600  in  the  present  year   he    thought  their  money  would  be 
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much  better  spent  in  that  way  for  the  benefit  of  their  profession  than 
returning  it  into  the  pockets  of  a  few  waverers  ;  the  majority  of 
the  members  he  believed  would  not   care  at  all  after  thirty  years' 
membership  to  accept  a  remission  of  their  annual  subscription. 

Mr,  J.  Macfarlane  Gray  in  reply  said  he  had  brought  this 
motion  forwards,  as  he  had  already  stated,  because  he  thought  the 
arrangement  proposed  was  reasonable  ;  and  he  knew  of  many  cases 
where  it  would  be  suitable  and  just.  Not  having  agitated  in  any 
i  get  support  for  the  motion,  he  had  not  felt  as  a  partisan 
with  resj)ect  to  it.  In  regard  to  the  estimate  of  loss  consequent  upon 
the  passing  of  the  motion,  he  did  not  even  take  so  favourable  a  view 
-  represented  by  the  estimate  which  had  been  mentioned  by 
members  of  the  Council ;  but  he  confessed  that  what  had  been  said 
against  the  motion  had  certainly  made  him  now  a  little  more  of  a 
partisan  in  its  favour.  The  jnxwosal  had  been  spoken  of  as  an 
appeal  to  the  generosity  of  the  members.  Yet  so  far  was  this  from 
being  his  own  intention,  that  on  the  contrary  it  was  from  the 
objection  which  he  had  to  appeal  to  their  generosity  that  he  had 
been  led  to  propose  a  rule  which  should  apply  to  all  the  members  of 
the  Institution  alike.  It  was  true  that  after  twenty  years  the 
ecription  of  any  member  who  had  become  unable  to  continue  it 
oould  be  remitted  by  the  Council  if  they  thought  fit.  Therefore  any 
member  requiring  that  remission  had  to  apjdy  to  the  Council;  and, 

■  ;:  shown  by  the  instance  to  which  lie  had  referred,  it  would  not 
be   sufficient  merely  to  state  that  he  considered  himself  unablo  to 

.  but  it  was   necessary   that   the   Council   should  be   satisfied   of 

inability.  Such  u  mode  of  procedure  seemed  to  him  most 
:  and  be  therefore  preferred  that  after  a  certain  number 
member  should  be  entitled  to  the  privilege  embodied 
in  the  motion  now  proposed. 

LD  to  Graduates,  Ik;  had  thought  of  adding  a  elause  to  the 

motion  for  i  that  they  were  to  be  included  in  its  principle, 

''    also;  but  noticing  the  general  sense  in  which 

•■  '  1  '  I   in    the  annual   reports  of  the  Council 

rhere    throughout    the    Institution  Proceedings,  ho    had 
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preferred  to  adhere  to  the  simpler  form  of  the  original  motion  by- 
using  the  word  in  that  wider  sense,  so  as  to  include  also  associates 
and  graduates. 

With  reference  to  the  building  of  a  house  for  the  Institution,  in 
this  matter  for  his  own  part  he  shared  the  views  of  a  humorist  who 
had  once  remarked  that  he  did  not  see  what  posterity  had  done  for 
him.  There  were  many  like  himself  he  believed,  who  had  moderate 
salaries  under  government,  and  at  a  certain  time  would  have  to 
retire  on  a  small  pension ;  and  in  such  cases  an  annual  subscription 
of  only  a  few  pounds  would  then  mean  a  considerable  amount.  It 
was  altogether  a  practical  question.  For  those  who  wished  to 
provide  for  a  house,  he  could  not  see  that  there  was  any  objection 
at  all  to  their  either  keeping  up  their  subscriptions  if  they  liked,  or 
else  making  a  present  of  money  to  the  Institution  ;  but  he  thought 
that  every  member  who  had  paid  £90  in  annual  subscriptions  ought 
thereby  to  become  a  member  for  life. 

With  regard  to  the  loss  consequent  upon  the  passing  of  the 
motion,  he  thought  that  in  subsequent  years,  as  imagined  by  Mr. 
Cowper,  the  loss  would  be  more  than  the  sum  which  had  been 
estimated  as  the  immediate  amount  at  starting.  At  present  the 
thirty  years'  period  reached  back  to  the  early  times  when  the 
membership  was  small  and  the  elections  small  also ;  but  by  and  by 
the  increase  of  membership  in  former  years  would  begin  to  make 
itself  felt,  and  the  loss  would  be  more.  On  the  other  side  there 
would  be  a  gain  by  the  reduction  of  the  number  now  retiring 
annually.  Meanwhile  it  must  also  bo  remembered  that  many  more 
new  members  would  now  be  joining ;  so  that  in  this  way  it  was 
possible  there  might  not  bo  any  increase  of  loss. 

Mr.  John  G.  Maq-Bumlby,  Member  of  Council,  in  view  of  the 
remarks  made  by  Mr.  Wirksircd  and  Mr.  Marshall — and  of  the 
wider  sense  in  which  Mr.  Gray  had  explained  that  ho  intended  the 
word  member  to  be  understood  in  the  motion,  so  as  to  include 

jooiates  and  graduates  -moved  as  an  amendment  that  the  word 
member  in  the  motion  should  not  apply  to  graduates.  In  his  opinion 
the  graduates  of  the  Institution  received  such  great  advantages  from 
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it  at  a  particularly  low  cost  to  themselves  that  he  considered  the 
subscriptions  they  had  paid  as  graduates  ought  not  to  be  taken  into 
account  or  deducted  from  the  total  of  £90  prescribed  by  the  motion. 

Mr.  Benjamin  Walker,  Member  of  Council,  seconded  the 
amendment. 

Mr.  T.  Hurry  EicnEs,  Member  of  Council,  was  of  opinion  that 
the  total  amount  contributed  in  subscriptions  should  be  the  criterion, 
so  as  to  place  every  one,  whether  member  or  graduate,  upon  a  common 
footing  in  regard  to  the  motion.  Then  those  who  had  entered  as 
graduates  and  had  afterwards  become  members  would  have  to 
continue  their  subscriptions  just  so  much  longer  than  the  thirty 
years  as  might  be  necessary  to  make  up  the  same  total  amount 
of  £90,  which  would  have  to  be  paid  to  the  funds  of  the  Institution  in 
the  form  of  annual  subscriptions  before  they  would  become  entitled  to 
the  benefits  of  the  motion. 

Mr.  J.  F.  Flannery  observed  that  in  the  motion,  as  now  proposed 
in  accordance  with  the  wording  of  the  notice  given  at  the  previous 
meeting,  the  word  member  alone  was  used  ;  and  in  regard  to  the  wide 
meaning  assigned  to  it  by  the  proposer,  he  enquired  what  was  the 
meaning  it  bore  in  the  articles  of  association. 

The  Puegrom  replied  that  it  was  provided  by  article  9  that  no 

gra  date  should  be  deemed   to  bo  a  member  within  the 

/    of   the    articles;    and   throughout   the  by-laws    tho    word 

limited   to  the  same  sense,  as  not  including  either 

It  therefore  did  not  seem  consistent  with 

vs  that  the  word  should  be  understood  in  a  wider 

in  the  motion  now  proposed.     In  order  to  avoid  confusion,  he 

rrdinglj  \  the  desirability  of  restricting  the  motion 

iio  had  paid  their  full  subscription  of  X:>  for 

thirty  ;  .      i     the  motion  were  carried  in  this  Btriot  sense,  the  case 

of  could  then  1";  (halt  with  afterwards  by  a 

:  ition.       If*  the    present    motion   were  negatived,  there 
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would  be  an  end  of  the  matter.  On  the  understanding  that  the  word 
member  did  not  include  graduates  or  associates,  there  would  of  course 
be  no  need  for  the  amendment  which  had  been  proposed. 

On  this  understanding  the  amendment  was  withdrawn  ;  and  the 
original  motion  being  then  put  to  the  vote  was  negatived  by  more 
than  three  to  one. 


The  following  Paper  was  then  read  and  partly  discussed  : — 

"  On   some   different   forms   of  Gas   Furnaces ; "  by  Mr.   Bernard 
Dawson,  of  Malvern. 

Shortly  after  Ten   o'clock  the  Meeting  was  adjourned  till  the 
following  evening.    The  attendance  was  96  Members  and  44  Visitors. 


The  Adjourned  Meeting  of  the   Institution  was   held   at   the 
titution  of  Civil    Engineers,  London,  on   Friday,   30th  January 

1891,   at   Half-past    Seven   o'clock   p.m. ;   Joseph  Tomlinson,  Esq., 

President,  in  the  chair. 

The  Discussion  upon  Mr.  Dawson's  Paper  on  some  different  forms 
of  Gas  Furnaces  was  resumed  and  completed;  and  the  following 
Paper  was  read  and  discussed  : — 

"On    the    Mechanical    Treatment    of    Moulding    Sand;"    by    Mr. 
Waltxb  BaOSHAWj  of  Bali 
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On  the  motion  of  the  President  a  vote  of  thanks  was  unanimously 
to  the  Institution  of  Civil  Engineers  for  their  kindness  in 
granting  the  use  of  their  rooms  for  the  Meeting  of  this  Institution. 

The  Meeting  then  terminated  shortly  before  Ten  o'clock.     The 
attendance  was  63  Members  and  42  Visitors. 


Jak.  1801 


OX  SOME  DIFFEEEXT  KIXDS  OF  GAS  FUEXACES. 


By  Mr.  BERNARD  DAWSON,  of  Malyehn. 


Since  the  two  papers  read  by  the  late  Sir  William  Siemens 
before  this  Institution  on  Eegenerative  Furnaces  (Proceedings  1857 
page  103,  and  1862  page  21),  several  papers  upon  gas  producers  and 
various  forms  of  regenerative  gas  furnaces  have  been  read  and 
discussed  during  the  last  few  years  at  the  meetings  of  other  kindred 
institutions  in  this  country ;  but  as  far  as  the  author  is  aware,  they 
have  either  been  devoted  chiefly  to  the  description  of  particular  forms 
of  reversing  regenerative  furnaces,  or  else  have  been  reviews  of 
the  progress  made  in  the  construction  of  gas  producers  in  various 
countries.  Omitting  now  any  reference  to  the  rival  generators  or 
producers  in  which  the  heating  gas  must  first  be  made,  the  present 
paper  will  describe  a  few  typical  or  representative  varieties  of 
Gas  Furnaces. 

The  greater  number  of  gas  furnaces  in  which  crude  heating  gas 
has  been  successfully  applied  have  been  of  the  land  now  universal ly 
known  as  Eevcrsing  Eegenerative  Furnaces.  There  are  many 
processes  however — requiring  various  degrees  of  temperature  below 
that  which  can  be  maintained  with  any  regularity  by  the  use  of 
regenerators  only  (of  the  kind  associated  with  the  name  of  Sir 
William  Siemens) —in  which  gas  furnaces  have  been  used  with  some 
degree  of  success,  both  as  regards  economy  in  quantity  and  quality 
of  fuel  consumed  to  do  a  given  quantity  of  work,  and  also  as  regards 
increased  speed  of  work,  saving  in  wear  or  destruction  of  the  furna 
themselves,  saving  in  labour,  abolition  of  smoke,  and  the  certainty 
of  being  able  to  maintain  an  atmosphere  or  flame  either  of  a 
reducing  or  of  an  OTidisiug  nature:  the  two  latter  being  essential 
conditions  in  many  manufacturing  processes.     In  large  works  it  is 
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an  ■  further  great  advantage  to  be  able  to  concentrate  in  one  place 

the  manipulation  of  all  the  fuel  required  in  the  various  furnaces 

ittered  throughout  the  different  departments  or  shops,  as  also  to 

id  the  nuisance   arising  from   having  to   clean   the   fires  and  to 

remove  the  ashes.     It  is  therefore  at  times  a  distinct  advantage  to 

\B  for  heating  furnaces  in  which  the  saving  in  cost  of  fuel 

is  itself  a  secondary  or  comparatively  unimportant  matter. 

The  exact  point  at  which  it  is  advantageous  to  dispense  with  the 
somewhat  costly  system  of  reversing  regenerative  chambers  is  one 
<.n  which  there  is  some  diversity  of  opinion.  There  are  of  course 
many  furnaces,  which  can  be  and  are  being  heated  by  gas,  in  which 
the  temperature  required  is  not  high  enough  to  render  reversing 
regeneration  either  economical  or  even  advisable ;  and  the  present 
paper  is  intended  to  illustrate  a  few  such  cases.  It  is  probable 
however  that  the  many  comparatively  low-temperature  gas  furnaces, 
vhich  such  regeneration  has  been  successfully  applied  at  the  new 
locomotive  works  of  the  Lancashire  and  Yorkshire  Railway  at 
Horwich,  may  lead  to  this  form  of  furnace  being  more  generally 
pted  in  future  for  such  work  as  annealing  steel  castings,  heating 
plates  and  angle  bars  for  locomotive  and  marine  boiler  work  and  for 
shipyards,  where  a  uniform  temperature  all  over  a  large  plate  is 
required  for  flanging  or  bending.  On  the  other  hand  there  are 
many  furnaces  in  which  the  higher  temperature  required  is  such  as 
cannot  ho  attained  by  the  combustion  of  producer  gas  with  cold  air, 
but  in  which,  with  air  heated  in  flues  by  radiation  or  conduction 
m  the  bed  of  the  furnace  and  from  the  flues  leading  from  the 
fur  the   chimney,  a  satisfactory  result  is  attained,  with  some 

:  in  building  the  furnace,  and    without  the  necessity 

much  excavation  below  the  bed  ox  hearth  of  the  furnace.     The 

Lairi    nect   aarily  wasteful,  owing  to  the  inability 

the  watte  heat  from  the  flame  or  products  of  combustion 

.    ay  to  the  chimney  j    and   this  waste  may  be 

by  the  employment  of  what  may  be  termed  continuous, 

<  ration. 

I  this  kind,  as  also  in  those  with  reversing  regeneration, 

i  to  ensure  that  the  escaping  gases  or  waste  heat  shall 
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pass  into  the  chimney  flues  at  a  sufficiently  high  temperature  to  secure 
the  amount  of  draught  requisite  for  working  the  furnace  advantageously. 
The  author  has  seen  many  reversing  gas  furnaces,  in  which,  in  the 
anxiety  to  provide  area  enough  in  the  regenerators  to  recover  the 
waste  heat  instead  of  letting  it  pass  to  the  chimney  unused,  the 
temperature  of  the  escaping  gases  at  the  entrance  to  the  chimney 
has  been  so  low  as  to  make  the  furnace  a  failure,  either  entirely  or 
comparatively.  Inattention  to  the  real  principles  of  gas  furnaces 
has  done  much  to  bring  into  disrepute  the  Siemens  regenerative 
furnace  for  reheating  piles  and  ingots  and  for  other  similar  processes  ; 
and  the  author  thinks  that  the  recent  remarks  of  Mr.  John  Head  in  the 
discussion  upon  Sir  Lowthian  Bell's  paper  on  gaseous  fuel  at  the  Paris 
meeting  of  the  Iron  and  Steel  Institute  (Journal  1889  II,  page  154) 
are  well  worth  the  attention  of  those  who  complain  of  the  inefficiency 
of  many  reversing  furnaces  in  this  country.  Not  long  ago  there  was 
an  instance  of  a  reheating  gas  furnace  which  was  working  very  badly, 
and  using  considerably  more  fuel  per  ton  of  ingots  heated  than  the 
coal-fired  furnace  which  it  had  replaced.  It  certainly  appeared  to 
posBess  every  fault  which  such  a  furnace  could  have;  and  on 
enquiry  it  was  found  that  it  had  been  built  #  from  the  drawings  of 
an  open-hearth  steel-melting  furnace,  with  no  alteration  except  the 
provision  of  a  flat  hearth,  and  the  substitution  of  a  cinder  or  slag 
spout  in  place  <»f  the  casting  spout  of  the  steel  furnace.  This  is 
believed  by  the  author  to  be  by  no  means  an  isolated  instance  of  the 
way  in  which  home-made  or  rather  home-designed  pus  furnaces  are 
sometimes  erected.  Unfortunately  designs  for  gas  furnaces  of 
different  kinds,  both  regenerative  and  non-regenerative,  and  with 
various  forms  of  continuous  regeneration,  have  been  proposed  to 
manufacturers  and  carried  out  by  them  in  ignorance  of  the  true 
principles  of  combustion  of  gaseous  fuel  ;  and  the  author  has  known 
M.nio   <  is   and  costly   failures  with  experimental  and  untried 

furnaces  for  various  special  processes  during  the  last  ten  or  ele 
years  thai   he  has  been  engaged    in  this  class  of  work.     Some   of 
these  farnaci  s,  by  attention  to  the  bad    results  attained  and  Btudj 
of  the  causes,  have  ultimately  been  made  to  BucceedL     Others,  either 

from    inability    to    rectify   them    or   from  disinclination   of  their   084  rs 

M 
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to  spend  money  upon  further  trials,  have  been  abandoned.  An 
nice  of  the  failure  of  a  reversing  regenerative  furnace  to  give 
any  satisfactory  result  occurred  in  South  Wales  some  years  ago 
in  a  long  furnace  intended  for  the  close-annealing  of  tin  plates ; 
in  that  case,  owing  to  the  length  and  shape  and  temperature  of 
the  furnace,  there  was  practically  no  heat  left  to  regenerate  when 
the  waste  gases  quitted  the  furnace.  This  same  furnace  is  now 
working  satisfactorily  with  some  slight  continuous  regeneration  or 
heating  of  the  air  used  for  combustion  of  the  gas.  In  many  cases, 
where  the  low  level  of  the  land  on  which  the  furnaces  are  built, 
the  presence  of  water  below  the  ground  line,  and  other  local 
circumstances,  preclude  the  use  of  underground  reversing  regenerators, 
tinuous  regeneration  has  been  successfully  adopted. 

Gas  furnaces  may  therefore  properly  be  divided  into  four  classes, 
namely : — (a)    with    reversing    regeneration ;    (b)    with    continuous 

eneration;  (c)  non-regenerative ;  and  (d)  with  blow-pipe  or  forced 
blast. 

(a)  Furnaces  with  Reversing  Regeneration  are  of  several  different 
kinds : — 

1.  The  ordinary  Siemens  furnace,  in  which  both  gas  and  air  are 
:<•<!  before  admission  to  the  interior  of  the  furnace,  by  being 
Bed  tli rough  the  well-known  arrangement  of  brick  chambers  filled 

with  chequer  work  or  loosely  piled  bricks. 

2.  The  ftatho  or  Hilton  furnace,  in  which  the  regenerative 
chambers,    instead    of    being    partly   or   entirely   underground,    are 

I  in  cylindrical   wrought-iron  vessels  erected  upon  the  ground 
level 

in  which  the  air  only  is  regenerated  by  being  passed 

through  chambers,  th   ge     being  admitted  direct  from   the  Hues  by 

which  it  amYei  from  tin  producers.     In  these  furnaces  the  whole  of 

•  escaping  gases  or  waste  heat  has  to  pass  through  one  of  the  two 

-chambers  on  it  i  the  chimney. 

1.    !  Bcently  described  by  Mr.  Head  (Iron  and  Steel 

nal,  1889   II.   page  256),  in  which  a   portion  of  the 

bach  to  the  gas  producer. 


•Tan.  1S91.  GAS    FURNACES.  51 

5.  The  various  regenerative  blast-furnace  stoves  of  the  Cowper, 
Whitwell,  and  other  kinds.  For  the  purposes  of  the  present  paper 
however  these  are  not  considered  as  gas  furnaces,  and  will  therefore 
not  be  further  referred  to. 

(b)  In  Furnaces  with  Continuous  Regeneration  the  air,  before 
admission  to  the  interior  of  the  furnace,  is  heated  in  flues  or  pipes,  by 
radiation  or  conduction  from  the  bottom  of  the  furnace,  and  through 
thin  walls  which  separate  the  air-flues  from  the  flues  that  carry  the 
spent  gases  or  waste  heat  to  the  chimney. 

(c)  In  Non-Regenerative  Furnaces  the  air  is  admitted  to  the 
interior  of  the  furnace  at  its  natural  or  atmospheric  temperature. 

(d)  Blow-Pipe  or  Forced-Blast  Furnaces  are  of  two  kinds : — 
firstly,  those  in  which  the  air  is  supplied  at  its  natural  or  atmospheric 
temperature  by  a  fan  or  blower ;  secondly,  those  in  which  the  air  so 
supplied  is  heated  by  the  spent  gases  or  waste  heat  from  the  furnace, 
by  being  passed  either  through  coils  or  stacks  of  pipes  or  else 
through  brick  tubes  or  flues,  as  in  the  case  of  the  Radcliffe  furnace 
and  others. 

Furnaces  with  Reversing  Regenerators  for  both  air  and  gas  have 
of  course  been  built  principally  for  such  high  temperatures  as  are 
required  for  melting  steel,  copper,  nickel,  zinc,  and  glass ;  for  heating 
iron  piles  and  steel  ingots;  for  forging  furnaces,  and  heating 
furnaces  in  connection  with  stamping  and  flanging  presses;  for  tire 
furnaces,  tube  welding,  heating  gas-works  retorts,  burning  pottery 
and  bricks,  and  so  forth.  Reversing  furnaces  in  which  the  air  only 
is  regenerated  are  used  for  annealing  steel  castings  and  wire,  for 
burning  pottery,  for  melting  brass  and  phosphor  bronze,  for  annealing 
nails,  and  for  other  such  purposes  not  requiring  intense  or  welding 
heat-. 

In  Plate  I  is  shown  a  section  of  a  24  pot  or  crucible  steel  furnace. 

Figs.  -  and  .'),  Plate  ~.  show  a  1  •J-tnn  basic  steel  furnace  of  the  kind 
introduced  by  the  late  Mr.  Batho,  in  order  to  obviate  the  ueoessitj  of 
having  the  furnace  regenerators  below  the  ground  line.  Many  of  the 
earliest  furnaces  erected  of  the  ordinary  Siemens  type  had  the  entire 

Weight  of  the  furnace   and    its   charge  resting  upon  the  arches  of  the 

m  a 
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generators.  This  is  now  never  done;  and  in  addition  to  this 
drawback  to  the  early  Siemens  furnaces,  Mr.  Batho  called  attention 
to  the  difficulties  connected  with  underground  regenerators,  in  regard 
to  water  and  to  the  time  occupied  in  changing  the  soap  bricks  or 
chequer  work ;  and  in  these  and  other  respects  he  claimed  important 
advantages  for  his  plan  of  encasing  the  regenerators  in  wr ought-iron 
selfl  above  ground. 

Fig.  4,  Plate  3,  shows  an  ordinary  Siemens  furnace  with  the 
regenerators  above  ground.  This  was  built  in  America.  The 
difficulty  is  not  so  much  that  of  minimising  loss  of  heat  by  radiation 
as  of  keeping  the  brickwork  gas-  and  air-tight.  It  is  illustrated  as 
an  interesting  attempt  to  solve  the  difficulty,  necessarily  arising  upon 
Bome  sites,  of  providing  regenerators  above  ground. 

Figs.    8   and    9,   Plate   4,  show  what    is    probably  the  smallest 
generative  heating  furnace  used.    Its  hearth  contains  only  12  square 
feet  of  urea. 

FigB.  LO  and  11,  Plate  5,  show  a  bar-heating  furnace  for  ship- 
yard and  boiler-shop  work.  The  flues  beneath  it  form  its  reversing 
regenerators. 

Figs.  L2  and  13,  Plate  G,  show  a  reheating  furnace  for  ingots  or 
piles  .\<\.  in  connection  with  a  plate  mill. 

I  gs.  I  1  and  15,  Plates  7  and  8,  show  a  10-ton  basic  open-hearth 
farnace. 

i.  L6  and   17,  Plate  9,  show  a  furnace  for  heating  tires,  with 
air  regeneration  only. 

.  L8  and  L9,  Plate  10,  show  an  intermittent  glass  tank-furnace 

for  a  small  glass  works  in  South  America,  which   is  shown 

probably  the  smallest  glass  tank-furnace  ever  built. 

I  ind  21,   Plate   11,  show  an  open-hearth   steel-melting 

fan  and   erected   by  Mr.   Smith   Casson   at   Earl 

D  d .-  Round  Oak.     The  engravings  are  prepared  from 

of  a  20-ton  basic  farnace  which  is  about  t<>  l»<  erected  ; 

the   one    already  at   work   there   is   of  6    tons    capacity,  and  the 

in*  nt  of  t!  almosl  identical.     This  shows  yet  another 

to  obviate  the  n<  <<   rity  of  going  below  the 

-nd  lii.'  ttive  chambers  &c.;    and   the  inYentoi 


Ian.  1891.  GAS   FURNACES.  53 

-tates  that  no  difficulty  is  experienced  in  drawing  the  heated  air  and 
gas  from  these  overhead  regenerators  down  to  the  furnace,  and  that 
the  results  obtained  show  the  loss  by  radiation  to  be  very  small,  and 
that  there  is  no  trouble  with  leaky  joints  in  the  brickwork  of  the 
regenerator  walls.  The  furnace  is  heated  by  gas  from  two  Casson 
gas  producers,  and  is  turning  out  twelve  casts  of  mild  steel  x>er  week. 
Blast — that  is  to  say,  air  under  slight  pressure — has  been  introduced 
into  the  box  of  the  butterfly  air-valve  ;  but  with  better  chimney 
draught  it  is  expected  to  be  able  to  dispense  with  this. 

Continuous-Regeneration  Furnaces  are  used  for  muffles,  low- 
temperature  annealers,  furnaces  for  close  and  open  annealing  of  sheet 
iron  and  tin  plates,  of  brass  and  copper  tubes,  cartridge  cases,  and  wire. 

Figs.  22  and  23,  Plate  12,  show  a  furnace  for  close-annealing 
sheets  or  tin  plates,  with  continuous  regeneration.  In  one  portion  of 
it  the  top  of  the  truck  or  bogie  carrying  the  pots  or  boxes  of  plates 
forma  itself  the  bottom  of  the  furnace,  the  joint  being  made  air- 
tight with  sand ;  in  the  other  portion  the  boxes  are  run  in  and  out 
on  cast-iron  balls. 

Figs.  24  to  29,  Plates  12  and  13,  show  annealing  ovens  for 
cartridge  cases,  thin  metal,  brass  and  copper  wire,  brass  shells,  &c. 
Both  kinds  have  a  certain  degree  of  continuous  regeneration.  Some 
very  Boooeesfol  furnaces  on  this  principle  have  been  designed  by 
Mr.  1 5 rook  of  Huddersneld,  for  heating  iron  and  old  steel  rails  for 
re-rolling  into  smaller  sections  of  bars  &c. 

Non-BegeneratitH  Furnaces  are  need  for  such  low  temperatures  as 
are  employed  for  evaporating  brine,  for  boiling  and  distilling  oil  and 
tar,  brewing  pale  ale,  drying  -lurry  in  cement  works,  drying  foundry 
•  •ores  and  moulds,  revivifying  charcoal  in  sugar  works,  and  burning 
carbon  for  electric-light  purposes.  Also  for  tiring  steam  boilers  of 
all  kinds;  for  heating  revolving  and  other  furnaces  at  chemical 
work-,  black-ash  and  sulphate  of  soda  furnaces;  for  evaporating 
waste  leys  and  black  liquor  in  paper  mills;  for  roasting  and  calcining 

ores;     and    for    many    other    industrial    purposes    too    numerous     to 
recapitulate. 
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Figs.  1)0  and  31,  Flate  14,  show  a  plate-beating  furnace  in  use  in 
1<  oomotive  and  otbei  boiler  sbops. 

Figs.  S'2  to  34,  Plate  14,  show  a  sand-drying  or  calcining  furnace 
for  an  open-hearth  steel  plant. 

Figs.  5  to  7,  Plate  3,  show  gas  ajiplied  to  foundry  core  and  mould 

res. 

Figs.  35  and  36,  Plate  15,  show  a  gas-fired  oil  boiler  or  still. 

Figs.  37  and  38,  Plate  16,  show  a  gas-fired  slurry  floor  in  a  cement 
works. 

Figs.  30  and  40,  Plate  16,  show  a  gas-fired  brewer's  copper. 

Figs.  41  to  44,  Plate  17,  show  a  Lancashire  and  a  Babcock  and 
Wilcoi  boiler,  both  of  them  fired  by  gas. 

Blow-Pipe  Furnaces,  into  which  heated  air  required  for 
combustion  is  delivered  under  pressure,  have  been  used  for  puddling 
iron,  melting  brass  in  pots,  heating  plates  for  stamping  into  railway 
sleepers,  melting  zinc  ores,  welding  tubes,  &c.  But  with  the 
exception  of  some  few  puddling  furnaces  on  the  Continent,  the 
author  believes  that  this  application  of  producer  gas  has  not  yet 
been  carried  to  a  success;  the  difficulty  in  working  any  such 
furnaces  as  lie  has  had  an  opportunity  of  seeing  has  consisted  in 
maintaining  B  regular  flame  or  heat,  because  the  slightest  variation 
in  the  volume,  pressure,  or  quality  of  the  gas  produces  immediately  a 
marked  effect  in  the  furnace.  It  is  also  essential  that  the  annular 
l  rifice  through   which   the  air  is  forced  in,  all  round  the  gas  inlet, 

old  be  of  perfect  workmanship  and  smooth  surface,  and  of  correct 

rod  proportion ;    flu's  condition,  with   fire-clay  or   fire-brick 

nou  ed    to   the  fierce  heat  of  the  gas  blow-pipe,  is  very 

difficult  to  pn  :  while  the  attempt  to  provide  for  the  continual 

iation  in  tin;  gas,  by  using  a  sliding  or  adjustable  cap  or  nozzle  to 

■  >l   impracticable.     Some  of  these  furnaces 

•I    admirably  in   as    intermittent   way;  and    the   conclusion 

app  \   at   bai     been   that  they  are  too  delicate    and 

complicated  to  be  bandied  by  ordinary  furnace-men. 

Plat*    L8,  shows  a  revolving  furnace  worked  with  gas 
air,  the  latter  being  supplied  through  a  blow-pipe  nozzle. 
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Figs.  46  and  47,  Plate  19,  show  a  furnace  worked  successfully  for 
heating  thin  plates  for  stamping  into  railway  sleepers  &c. 

Figs.  48  and  49,  Plate  20,  show  a  crucible  silver-melting  furnace 
with  blow-pipe. 

Figs.  50  and  51,  Plate  21,  show  a  Radcliffe  steel-melting  furnace. 

The  failure  of  some  non-regenerative  furnaces  may  be  attributed 
to  losing  sight  of  the  different  specific  gravities  of  hot  producer-gas 
and  cold  air ;  and  also  to  neglecting  to  impart  to  the  air,  before  it 
meets  and  mixes  with  the  gas,  some  impetus  or  motion  in  the  same 
direction  in  which  the  gas  is  travelling  on  its  entrance  into  the 
furnace.  For  instance,  where  cold  air  is  admitted  in  a  horizontal 
stream  over  the  gas  which  is  rising  vertically  or  obliquely  from  the 
gas  valve,  intimate  mixture  and  perfect  combustion  are  rarely 
attained ;  in  addition  to  which,  small  explosions  and  other  troubles 
are  frequently  experienced.  In  other  cases  the  introduction  of  the 
gas  and  cold  air  into  the  furnace  in  parallel  streams,  or  in  any  large 
volumes,  either  side  by  side  or  over  one  another,  has  led  to  failure. 
In  furnaces  to  be  heated  by  gas  and  cold  air,  either  the  volume  of 
each  should  be  split  up  into  a  number  of  small  streams  by 
perforations  in  the  walls  forming  the  inlet  to  the  furnace ;  or  else 
-Mine  form  of  combustion  chamber  should  bo  provided,  in  which  the 

-  and  ail  can  be  mixed  and  partially  ignited  before  admission  into 
the  actual  famace  itself.  The  regulation  of  the  pull  or  draught  of 
the  chimney  <>n  the  furnace — so  as  to  draw  in  just  sufficient  cold  air 
for  burning  the  gas,  without  drawing  anbnrnt  gus  into  the  chimney — 
although  often  neglected  by  the  furnace-men,  can  easily  be  effected 
with  a   little  care,  provided  that  the  respective  sectional  anas  of  the 

-  and  air  inlets  and  of  the  outlet  to  the  chimney  have  been  duly 
considered  In  the  building  of  the  furnace. 

Th<  re  are  many  boilers,  both  Lancashire  and  Cornish,  with 
provision  for  heating  the  air  before  its  admission  to  the  boiler 
furnaces;   and  ;it  the  works  of   BCessrs.  Nettlefolds  al   Tydn  near 

\.  wjM.rt.    Monmouthshire,    this    is    said   to  have  proved    to    be    well 

worth   the   trifling  extra   expense  and   complication   in   the   boiler 
Beating  and  tint  s. 
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The  failures  of  many  small  applications  of  gas  with  cold  air  to 
Bach  furnaces  u  annealers  for  glass  bottles,  foundry  stoves,  annealers 
f  n  light  eastings  &c,  lias  no  doubt  been  often  due  to  the  neglect  to 
keep  the  doors  of  such  furnaces  tightly  closed ;  the  result  has  been 
luck  of  chimney  draught  to  draw  air  in  at  the  right  place  for 
combustion  with  the  gas.     Many  such  furnaces  properly  attended  to 

giving  entire  satisfaction  in  regular  work. 

It  scarcely  comes  within  the  scope  of  this  paper  to  review  all 
those  that  may  be  called  semi-gas  furnaces,  in  which  the  combustion 
or  at  least  the  ignition  of  the  gas  takes  place  partly  in  the  grate  or 
producer  as  well  as  in  the  furnace  itself.  The  names  of  many  such 
furnaces  are  too  well  known  to  need  mention  here,  and  most  of  them 
Lave  been  fully  described  elsewhere  ;  and  as  they  come  under  the 
head  of  gas  producers  quite  as  much  as  under  that  of  gas  furnaces, 

are  omitted  from  the  present  paper. 

Reverting    Regenerators.  —  The    principles   and    construction   of 

furnaces  with  reversing  regenerators  for  both  gas  and  air  are  now 

much  better  and  more  generally  understood  than  was  the  case  only 

■  few  years  ago.     It  is  curious  however  to  what  a  small  extent  gas 

crucible  furnaces  have  been  substituted  for  the  old  furnaces  or  "coke 

holes  n  in   which  the  greater  part  of  the  crucible  steel  melted  in 

::.'  Id    is  .-till  made.     When  it  is  considered    that,  according  to  the 

<    of  furnace  and  other  details,  a  ton  of  crucible  steel  may  be  made 

with  from  33  to  1(>  cuts,  of  small  coal  in  a  gas  furnace,  against  from 

of  coke  in   a  "coke   hole,"    it   might   be    thought  that 

would    have    attended    the  efforts  on    the  part  of  the 

keel  maki  n  to  overcome  the  trade  prejudices  existing  against 

h  innovatioi]    a    melting  steel  in  crucibles  with  gas.     The  many 

obj'  rd   from  time  to  time,  as  to  inability  to  keep  a  mellow 

to  regulate  the  heat  and  the  draught,  are  such  as  can  certainly 

be  overcome;  there  may  however  be  other  objections  and  difficulties, 

with      which     only    those     actually    engaged      in     ;-(<■(  I      melting    are 

The  objection  most  frequently  urged   against  the  use 

fdrnaces  melting  steel  of  special    tool   qualities  is  the 

trol  each  pot  or  pair  of  pots  in  a  Large  furnace.    It 
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is  of  course  necessary  to  have  a  furnace  which  will  hold  a  number 
of  pots,  in  order  that  the  cost  of  regenerators  &c.  may  be  distributed 
over  a  larger  output  of  steel  than  would  be  the  case  if  a  complete 
gas  furnace  had  to  be  built  for  each  pair  of  pots  ;  but  there  appear 
to  be  no  insurmountable  difficulties  in  the  way  of  regulating  the 
heat  of  each  pot  in  a  furnace  containing  say  twelve  or  twenty-four 
crucibles. 

With  so  many  different  means  of  attaining  and  regulating  the 
temperature  in  gas  furnaces,  and  with  such  perfect  control  over  the 
admission  of  gas  and  air  and  over  the  chimney  draught,  there  are 
few  industrial  processes  requiring  heat  to  which  producer  gas  ought 
not  to  be  capable  of  being  advantageously  applied.  The  question  of 
extra  first  cost  in  the  erection  of  new  furnaces,  and  the  impossibility 
of  applying  gas  to  existing  coal-fired  furnaces  with  any  degree  of 
success,  have  very  much  prevented  the  extension  of  gas  firing : 
although  the  erroneous  ideas  prevalent  as  to  the  necessarily 
complicated  nature  of  gas  furnaces,  and  as  to  the  cost  in  repairs 
and  maintenance,  have  probably  done  quite  as  much  to  prevent  many 
Bach  furnaces  from  being  built. 

Reversing  Valves. — The  best  arrangement  of  valves  for  reversing 
regenerative  furnaces  is  a  matter  of  some  importance  ;  for  with  leaky 
valves  the  waste  of  gas  directly  up  the  chimney  from  the  main  gas-flue 
LB  very  great.  Par  gM  the  use  of  the  ordinary  "butterfly"  reversing 
valve  is  being  superseded  by  that  of  "pot"  or  double-beat  mushroom 
or  pan  valve-,  as  being  less  likely  to  become  warped  through 
i  1<  Bsni ibs  or  neglect.  For  air  the  butterfly  valve  is  generally 
d.  For  small  and  medium  sizes  of  heating  furnaces,  butterfly 
valves,  if  made  sufficiently  large,  work  well  enough.  A  gas-valve  too 
small  for  its  work  soon  \n  overheated!  warped,  and  leaky.    The 

tendency  in  most  regenerative  furnaces  for  the  greater  part  of  the 
spent  gases  or  waste  heal  to  pass  down  through  the  gas-chamber  to 
the  chimney,  in  preference  to  passing  down  through  the  air-chamber, 
[s  <>ne  which  leads  to  the  trouble  with  the  gas-reversing  valve.     This 

can    be  averted  however  by  two  01  three  means  :    by  the  chequer  \\»>rk 

being  less  closely  stacked  in  the  air-chamber;  by  attention  t<>  the 
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shape  and  i" 'Mt ion  of  the  passages  and  ports  between  the  furnace 
and  the  lip-chamber ;  and  b}~  the  provision  of  dampers.  In  addition 
to  the  valves  above  mentioned,  there  are  also  the  hydraulic  slide- 
valves  of  Mr.  Le  Neve  Foster;  water-seated  valves;  and  the 
revolving  valves  designed  by  Mr.  John  Kamsbottom,  which,  if 
carefully  made  and  seated,  are  probably  as  simple  and  efficacious  as 
any  in  use. 

With  regard  to  ingot  and  other  reheating  furnaces,  an  objection 
is    raised    that,  whereas  with  a  coal-fired   furnace   the  furnace-men 

ud  to  the  fire  themselves,  with- a  gas-fired  furnace  they  would  not 
or  could  not  attend  also  to  the  gas  producer,  which  thus  entails  an 
extra  man  :  or  say  three  extra  men  for  a  group  of  producers  supplying 
gas  to  a  number  of  reheating  or  mill  furnaces.  This  question  of 
i  ctra  labour  has  not  unnaturally  been  brought  forward  in  connection 
with  various  combinations  of  gas  producers  and  furnaces,  as  showing 
the  advantage  of  having  the  producer  attached  to  its  own  furnace. 
The  disadvantages  of  this  plan  appear  to  be  that,  whenever  from  any 
ai  a  furnace  is  stopped,  the  gas  producer  connected  with  it  must 

<l  too  :  representing  so  much  idle  capital,  and  therefore  a  greater 
■J  expenditure  in  gas  producers  than  where  say  a  dozen  producers 

erected  all  together  to  supply  a  number  of  furnaces  of  which  only 

rtain  proportion  are  ever  at  work  at  the  same  time.     The  necessity 

having  to  convey  fuel  and  ashes  to  and  from  several  furnaces  in 

large  work-  is  also  a  disadvantage  in  the  plan  of  combined  producer 

and  furnace.     The   loss  of  heat   by  radiation,  in   the  passage  of  the 

from  the  producers  to  the  furnaces,  is  sometimes  adduced  as  an 

uncut    in   favour  of    the   combined    plan  ;    but    frith    properly 

constructed   flues   this  is  more  imaginary   than    real.     Even   where 

ppreciable  Loss  of  heat,  it  is  more  often  than   not  an 

■dl  ing    wear    and    distortion    of    the    valves;    and,  as 

I  out,  then  is  frequently  an  absolute  economy  in 

ing  cooled  gas:  besides  which  there  sore  minor  advantages, 

i  ii   as  that    the  dust  contained  in  gas  made  from  some  coals  is 

fcead  of  in  the  furnaces  themselves.    Most 
imbined    furnaces  depend    for   their  economical    working 
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upon  a  steam  boiler  of  some  kind,  to  utilize  the  waste  heat  or  gases 
which  would  otherwise  pass  unused  to  the  chimney. 

The  new  form  of  gas  producer  lately  described  by  Messrs.  Head 
and  Pouff  (Iron  and  Steel  Institute  Journal,  1889  II,  page  256)  does 
not  possess  this  disadvantage,  as  there  are  regenerators  into  which 
a  portion  of  the  waste  heat  is  conducted,  another  portion  being 
introduced  under  the  grate  bars  of  the  gas  producer.  So  far  as 
can  be  judged  from  its  principle,  and  from  the  figures  and  analyses 
given,  the  chemical  reactions  in  this  furnace  appear  to  be  theoretically 
correct.  Time  alone  will  show  what  is  its  cost  of  maintenance,  and 
its  capacity  for  continuous  work ;  and  also  whether  the  economy 
which  is  stated  to  have  been  attained  is  not  due  to  the  superiority  of 
the  general  arrangement  of  the  furnace  itself  rather  than  to  any 
great  benefit  derived  from  the  attempt  to  take  carbonic  acid  from  the 
furnace  and  introduce  it  beneath  the  grate  bars  of  the  producer. 
Some  users  of  this  new  furnace  are  said  to  be  doubtful  as  to  the 
good  they  have  thus  derived  ;  and  the  plan  of  taking  heated  air 
direct  from  the  regenerators  and  using  it  under  the  grate  bars  of 
the  producer  has  recently  been  devised  by  Mr.  Frederick  Siemens. 
In  any  case  the  employment  of  the  nitrogen  of  the  air  as  a  vehicle 
for  conveying  heat  from  the  spent  furnace-gases  into  the  furnace 

tin  by  the  medium  of  the  producer  is  an  ingenious  plan;  and  a 

siderable  number  of  furnaces  on  this  principle  have  been  built. 

The  Gorman  heat-restoring  gas  furnace  is  another  of  these 
combined  furnaces  and  producers  ;  but  in  this  a  continuous  regeneration 
is  effected  by  passing  air  through  a  number  of  fire-clay  tubes.  Thi 
furnaces  the  author  understands  have  been  erected  at  the  Clydesdale 
Iron  Works,  Glasgow,  and  at  several  ship-yards  in  England  and  on 
the  Continent. 

The  Radcliffe  furnace,  Plate  21,  which  is  in  use  fin-  melting  steel 
in  the  gun  factory  at  Woolwich  Arsenal,  is  another  instance  of  the 
combined  furnace  and  producer;  and  Mr.  Radcliffe  states  thai  by  its 
use  he  has  1   in  effecting  considerable  Baying  in  fuel  ever 

Price's  retort  furnace-,  which  this  plan  has  superseded.  In  this 
furnace  BteeLs  of  various  degrees  of  hardnea >  arc  produced,  and  the 
author    is   assured   that    it   is   giving   complete   satisfaction   in  all 
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respects.  In  this  furnace  also  air  is  heated  by  transmission  through 
fire-clay  tubes. 

The  Boetius  furnace,  which  is  used  in  a  few  of  the  glass  works 
in  this  country,  may  also  be  classed  with  combined  furnaces.  There 
are  several  varieties  of  this  furnace ;  but  such  of  them  as  the  author 
has  been  fortunate  enough  to  see  are  fed  with  coke  all  round  an  annular 
space,  from  which  the  fuel  slips  down  into  an  arrangement  of  grates 
with  bars,  over  which  are  arches  whereon  the  pots  containing  the 
glass  are  arranged.  There  is  no  reversing  regeneration.  A 
description  of  this,  as  well  as  of  similar  furnaces  for  zinc  melting, 
and  also  of  several  forms  of  gas  retorts,  and  of  porcelain-burning, 
lime-horning,  and  other  furnaces,  was  given  by  Mr.  Eamdohr  in 
pamphlets  published  in  Leipzig  in  1881. 

A  furnace  which  is  claimed  to  be  superior  to  the  Boetius  for 
melting    glass   in   every  sort   of  pot   furnace    has  been  introduced 

•■ntly  by  M.  Regnault,  and  uses  small  coal  instead  of  coke;  and 
M.  Regnault  states  that  he  has  erected  a  considerable  number  on  the 

tinent.  This  also  is  a  combined  gas  producer  and  furnace,  with 
the  grate  below  both  the  floor  and  the  sieges  upon  which  the  pots  stand. 

(Ila88  Furnaces. — Reversing  regenerative  furnaces  are  now  largely 

1  for  melting  glass,  and  there  are  several  forms  of  glass  furnaces. 

1.  Oontinnons  tank  furnaces,  in  which  the  process  of  melting  the 
raw  materia]  goes  on  at  the  same  time  that  the  melted  glass  is  being 
blown  into  bottles  or  into  cylinders  for  sheet  glass.  In  most  of  these 
furnaa  -.  the  Band,  soda,  &c,  are  fed  into  one  end,  while  the  gatherers 
or  blow  arranged  round  the  other  end. 

c2.  Intermittent  tank  furnaces,  in  most  of*  which  the  material  is 
sighl  and  blown  'luring  the  day. 

P  t  oi  i     cible  furnaces. 
Th<  i    of  glass  making  are  orach  akin  to  two  of 

siting  prod    i     carried  on  in   what  are  known  as  open- 
rth  and  j.'.t  or  crucible  rnrnao 

In  f_'l;i~-  uoj-i.  1. 1  for  annealing  bottle  and  plate 

■  ;    for   the    "glory    boles,"    in    which    in    sonic   works  the   necks 

of  the  bottle]  are  finished  ;  and  for  other  small  accessory  furnaces. 
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In  tube  works,  furnaces  with  reversing  regeneration  are  used  for 
welding  iron  tubes  for  water  and  gas  and  steam,  although  the  use  of 
gas  furnaces  has  not  at  present  extended  beyond  a  few  of  the  largest 
works. 

In  the  manufacture  of  steel,  the  principle  and  uses  of  the  open- 
hearth  furnace  are  well  understood.  Of  this  furnace,  as  suited  for 
the  acid  or  hematite  process,  some  modification  has  been  found  by- 
experience  to  be  advisable  for  working  on  the  basic  process.  Acid 
furnaces  are  at  work  in  this  country,  varying  from  2  tons  up  to 
40  tons  capacity.  The  wisdom  of  building  furnaces  of  over  20  or 
25  tons  capacity  has  been  questioned.  It  is  usually  possible  to 
obtain  a  greater  number  of  casts  of  steel  per  week  from  the  smaller 
furnaces ;  and  where  the  total  cajmcity  in  a  works  is  divided  among 
several  smaller  furnaces,  instead  of  being  concentrated  in  one  or  two 
very  large  ones,  times  of  repairs  involve  less  capital  standing  idle, 
fewer  highly  paid  men  thrown  out  of  work,  and  less  interruption  in 
the  supply  of  ingots  to  the  mills.  Into  the  vexed  question  of  the 
relative  consumption  of  fuel  in  large  and  small  furnaces,  it  is  not 
here  intended  to  enter.  Were  there  many  works  in  which  both  large 
and  small  furnaces  were  employed,  using  gas  from  the  same  fuel  and 
using  exactly  the  same  raw  materials,  the  subject  might  prove 
profitable  for  discussion.  The  same  is  true  of  the  conflicting 
testimony  in  favour  both  of  coal-fired  and  of  gas-fired  furnaces  of  all 
sorts.  Beit  borne  in  mind  however  that  there  are  both  good  and 
bad  furnaces,  and  both  good  and  bad  furnace-men.  There  is  also 
some  diversity  of  opinion  as  to  the  propriety  of  using  the  open-hearth 
furnace  for  making  the  higher  class  of  tool-steel  and  other  special 
Bteels;  it  Is  tin's  probably  that  has  helped  to  check  the  extension  of 
regenerative  crncible  or  pot  melting-fnrnacee  in  place  of  the  coke 
holes  already  alluded  to.  Whenever  water-gas,  made  by  the 
process*  -  recently  introduced,  becomes  adopted  for  niching  Bteel 
in  the  open-hearth  furnace,  it  will  probably  be  used  in  furnaces 
provided  with  means  for  air  regeneration  only. 

Open-hearth  furnaces  and  regenerative  crucible  furnaces  for 
melting  brass  and  phosphor  bronze  dbo.  have  uot  been  used  to  any 
great  extent  in  this  country  or  abroad,  aa  tar  as  the  author  is  aware. 
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Many   objections   are   raised   by   brassfounders   to   tlie   use   of  gas 

furnaces  for  melting  any  forms  of  brass  or  metal  which  contain 
zinc  or  spelter.  These  however  do  not  appear  to  be  insurmountable, 
as  there  are  some  gas  furnaces  so  used  at  the  Horwich  locomotive 
works  of  the  Lancashire  and  Yorkshire  Railway,  which  give  no 
trouble  in  this  resj^ect. 

WaU  r-Gas  Furnaces. — The  application  of  jets  of  water-gas  to 
welding  large  tubes,  boiler  flues,  seams  of  sugar  pans  &c,  at  the 
1.  i  ds  Forge,  and  at  Messrs.  T.  Piggott  and  Sons,  Birmingham,  and 
Messrs.  John  Brown  and  Co.'s  works,  Sheffield,  can  scarcely  be 
accurately  regarded  as  constituting  distinctive  furnaces,  and  therefore 
admit  of  no  more  than  passing  mention.  But  Mr.  Oaknian,  the 
European  representative  of  Mr.  Loomis  (Proceedings  July  1890, 
page  402),  has  recently  applied  water-gas,  made  by  this  process  from 
small  coal,  to  a  crucible-steel  furnace,  to  a  furnace  for  baking  clay 
crucibles,  to  an  annealing  furnace  for  tubes,  and  to  another  for  tube 
welding  at  Messrs.  Howell's  works  in  Sheffield  ;  and  other  similar 
fori  r  work  in  the  United  States  upon  this  system  have  been 

illustrated  and    described  in  the  technical   papers.      Arrangements 

made  by  which  these  furnaces  can  be  supplied  either  entirely 
with  the  producer  or  "by"  gas  from  the  water-gas  plant,  or  with 
u  mixture  of  tLis  by-gas  and  water-gas,  the  proportions  of  each 
ben  dated  by   valves  at  will.     It  is  to  be  hoj>ed  that  before 

Long  some  information  will  be  furnished  as  to  comparative  cost  of 
fuel  and  labour,  and  also  as  to  the  time  saved  and  the  increased 
output  attained  by  the  use  of  mixed  gases:  so  that  the  expediency 
of   erecting    vrater-gas    plant,  in    order  to    make    and   store   two 

arately,     and     then     mix     them     again     before     use,     may 

ettlecL     It  is  beyond   doubt   that  there  are  many 

pur]  tube    welding,   beating  bolt  and   rivet    iron,  chain 

ml   other   proa     -      requiring  a  high    local    temperature 

ipon  a  smiill  surface  or  apon  a  small  portion  only  of 

;i  U  ■'      to   which   ordinary  producer-gas   has   never  been 

applied,  and  for  which  pure   water-gas  appears  to 

}>c  litable.      T         I.     inifl    \\;iter-gas  plant  erected  by  Messrs. 
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Howell  is  stated  by  thein  to  be  working  to  their  entire  satisfaction 
and  with  economy  and  regularity.  Some  of  these  furnaces  have 
continuous  regeneration,  and  others  reversing,  of  the  air  alone  in 
every  case.  Similar  furnaces  are  now  being  erected  for  making 
wrought-iron  wheels,  and  for  melting  steel  and  glass,  to  be  worked 
by  water-gas  made  from  coke,  on  the  same  principle  that  is  in  use, 
as  above  mentioned,  at  the  Leeds  Forge. 

The  Ponsard  revolving  steel  furnace,  having  continuous 
regeneration  of  air  by  means  of  a  chamber  filled  with  hollow  bricks, 
is  another  form  of  furnace  with  producer  attached. 

Among  other  applications  of  producer  gas  upon  the  reversing  or 
continuous  regenerative  principle  are  those  devised  some  years  ago 
by  Mr.  Dunnachie,  and  used  in  the  production  of  the  Glenboig  brand 
of  silica  bricks,  and  at  Bournemouth  for  burning  glazed  sanitary 
pipes,  and  in  a  modified  form  for  Staffordshire  blue  bricks  at 
Tamworth,  and  for  pottery  in  North  Staffordshire.  In  this  case  the 
gas  producers  do  not  form  an  integral  part  of  the  furnaces  or  kilns, 
but  stand  at  any  convenient  distance  away.  In  these  kilns  the 
products  of  combustion  from  one  kiln  are  drawn  by  chimney  draught 
through  the  next  kiln  in  the  series,  and  the  "green"  bricks  are 
dried  by  this  waste  heat  on  its  way  to  the  chimney.  The  kiln  which 
i-  being  tired,  that  is,  in  which  the  gas  is  being  burnt,  is  supplied 
with  hot  air  drawn  from  the  kiln  last  fired,  the  air  thus  heated  having 
been  used  to  cool  the  bricks  in  that  kiln.  A  continuous  cycle  or 
series  is  thus  maintained.  The  author  believes  that  Mr.  Lowood 
has  for  Borne  years  been  working  kilns  upon  this  principle  in  the 
neighbourhood  of  Sheffield.  Messrs.  Siemens  and  others  have  also 
devised  arrangements  of  regenerative  gas  kilns  lor  brick  and  pottery 
burning. 

The  various  arrangements  of  Btoves  ami  gas  furnaces  proj>osed  by 
Mr.  Hull  for  t  1m-  manufacture  of  iron  and  steel  direct  from  the  ore, 
while  highly  ingenious,  are  at  the  Bame  time  complicated  and 
intricate.  Both  at  Beraing  and  at  the  experimental  works  at 
Trimsaraii   in  South   Wales,  it  i>  claimed  that  the  expectations  of 

the  inventor  have  been  realist  -1. 
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lutort*  tor  making  illuminating  or  town  gas  in  gas  works 
have  been  heated  by  producer  gas  made  both  from  small  coal  and 
from  the  coke  raked  out  from  the  retorts  themselves,  and  have 
been  arranged  both  with  continuous  regeneration  and  reversing 
generation  of  the  air,  but  have  never  been  extensively  adopted. 
I ».  -crij>tions  of  such  furnaces  have  been  given  by  Mr.  Foulis  of 
Glasgow,  Mr.  Charles  Hunt  of  Birmingham,  Mr.  Denny  Lane  of 
■  k,  and  others  ;  and  the  Klonne  and  other  systems  of  combined 
furnaces  and  gas  producers  have  been  introduced  in  many  large  gas 
\v..rks  with  success.  But  to  describe  them  here  fully  would  take  too 
much  time  and  space ;  and  as  their  design  and  construction  are 
familiar  to  all  interested  in  making  town  gas,  and  are  probably 
of  no  general  interest  beyond,  further  reference  to  them  is 
omitti  '1. 

The  mention   of  Mr.  Fletcher  of  Warrington   calls   to  mind  a 

large   number  of  gas  furnaces,  principally  on    a   small  scale,  and 

applicable   to  a   great  variety  of  purposes.     As  far   as   the  author 

knows  they  have  been  confined  to  the  use  of  ordinary  illuminating  or 

town  gas.     There  are  few  industries  requiring  the  intelligent  use  of 

purified  gas  which  are  not  indebted  to  the  patient  investigations  and 

<  i •inients  of  Mr.  Fletcher.     It  is  however  somewhat  outside  the 

rang  d   of  a  discursive   paper  like  the  present,  to  examine  or 

illi  these  manifold  applications  to  the  minor  industries  of  this 

country.      Mr.   Emerson   Dowson's  various  applications    of  heating 

cognition;  and  it  is  to  lie  hoped   that  at  some  future 

tie    rarious  types  of  small  gas  furnaces,  to  which  these  truly 

nig,  will  he  treated  o£ 

In  tin  the  discrepancies  is   the  statements  of  the  highest 

authorities  in  the  iron  and  steel  and  other  allied  industries,  as  to  the 

oomparatw  of  iron  and  Bteel  in  gas  furna  compared  with 

ting   rurnaoes,   the  author  will    merely   suggest  that 

tnination  might  very  possibly  lend   to  the  detection  of  the 

i  heated   by  gas,  say  exceeding  4  per 

fmplained  of    by  some   users  of   these 

..     Tin  ilitv  of  preventing  by  the  use  of  gas  oxidization 

Ling,  annealing,  and  other  similar  furnaces,  may 
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be  taken  to  be  fully  established ;  and  in  the  copper,  brass,  and  other 

metal  trades  there  is  some  evidence  to  show  that  discoloration  of 

metal,  such  as  brass  wire,  cartridge  cases,  &c,  may  be  prevented  even 

in  furnaces  which  are  open  or  only  partially  closed.     Thus  the  heavy 

consumption  of  fuel  for  heating  coal-fired  muffles,  or  furnaces  that 

are   entirely   heated  internally  by  radiation  or  conduction  through 

thin   walls,   may  be   considerably  reduced.      In   some  cases  where 

experimental  or  trial  furnaces  have  been  built  and  supplied  by  gas 

from  a  single  producer,  their  failure  and  abandonment  have  been 

caused  by  the  varying  or  intermittent  sivpply  of  gas.      There  are 

however  producers    of  different    forms  which  may  be  relied    upon 

to  supply   gas   of  a   uniform    quantity  and    quality   from    a  single 

producer.     It  is  possible  that  undue  stress  has  been  laid  upon  the 

loss   of  heat    when   coal    is    used    in   a   gaseous    form,   owing  to 

radiation  from  the  producer  in  which  it  is   gasified.     Xo  doubt  this 

does  take  place ;    but  with  well-designed  furnaces  this  initial  loss 

should  be  more  than  compensated  for,  by  the  control  over  the  supply 

of  air  admitted  for  combustion,  by  regeneration,  and  by  the  more 

perfect  combustion  of  the  fuel  itself.     Mr.  Holley,  in  his  presidential 

address  to  the  American  Institute  of  Mining  Engineers,  said  that 

"  regenerative  furnaces  will  gradually,  but  inevitably,  take  the  place 

of    the    ordinary   heating,    puddling,    and    melting    furnaces,    thus 

preventing    the    application    of    unspent    furnace    heat    to    steam 

generation."     That  was  in  1875,  and  yet  how  much  still  remains  to 

be  done. 

In  the  chemical  industries  such  a  variety  of  gas  furnaces  have 
been  introduced  that,  without  doing  more  than  mentioning 
Mr.  MacTear's  carbonating  furnace,  the  Jones  and  Walsh  salt-cake 
furnace,  and  the  sodium  and  aluminium  furnaces  designed  by 
Mr.  Cullen  for  the  Castner-process  aluminium  work-  at  Oldbury,  the 
author  must  oontent  himself  with  expressing  his  belief  that  bef 
many  years  have  passed  the  rising  price  of  fuel  will  have  increase  'I 
the  number  of  chemical  and  alkali  and  other  works  in  which  the  use 
of  gaseous  fuel  will  have  sup  reeded  the  employment  of  solid  smoke- 
making  coal.  Whether  Sheffield  will  by  this  means  become  in  OUT 
day  as  clean  and  clear  in  it-  centre  Ifl  it   is   beautiful    in    its  suburban 
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surroundings  is  beyond  any  present  means  of  calculation.  The  old 
workmen,  who  can  never  be  led  to  believe  that  there  can  be  any 
iul  heat  without  much  visible  smoke,  are  being  replaced  by 
younger  men,  wanting  or  inferior  perhaps  in  many  of  their 
predecessors'  best  characteristics,  but  more  and  more  convinced  of 
the  necessity  for  employing  the  cheaper  forms  of  fuel  available  in 
the  furnaces  reviewed  in  the  present  paper. 

In  conclusion  the  author  asks  for  indulgence  from  the  many 
inventors,  engineers,  and  other  pioneers  in  the  use  of  gaseous  fuel, 
whose  valuable  and  original  discoveries  in  this  process  of 
manufacturing    industry   he    has    omitted    to    notice,   either    from 

•ranee  or  through  inadvertence,  or  from  the  necessity  of  keeping 
this  paper  within  reasonable  limits.     No  attempt  has  been  made  to 

mine  the  chemical  actions  or  reactions  in  the  various  furnaces 
ed  ;  nor  to  treat  in  any  way  of  the  thermic  value  of  fuel  used 
in  a  gas  furnace  as  opposed  to  one  fired  by  hand  with  solid  coal. 


Discussion. 


Johh  A.  F.  Aspinall,  referring  to  the  mention  made  in  the 

pap  certain  furnaces  which  ho  had  shown  the  author  a 

•  or  two  ago  at  the  Eorwich  works  of  the  Lancashire  and  Yorkshire 

thai  al  thai  time  there  were  three  gas  furnaces  which 

rorked   with  continuous  regeneration,  that  plan  haying  then 

ther  with  the  view  to  sec  if  the  regenerative  chambers 

•  rid  of     Subsequently  however  he  had  altered  two  of  the 

thn  by  putting  In  regenerative  chambers.     For  he  had  found 

that,  while  the  third  furnace,  which  whs  used  for  the  special  purpose  of 

did  well  with  continuous  regeneration,  yet 

■  ouM  not  rely  upon  getting  the  continuous  flow  of 

to  ).' '  p  the  heat  Dp  to  the  proper  temperature 
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The  regenerative  cliamber,  when  it  was  once  got  to  work,  formed  as 
it  were  a  kind  of  accumulator,  from  which  heat  could  be  drawn  if 
the  gas  did  not  continue  to  flow  from  the  producers  steadily  and 
regularly. 

With  regard  to  the  use  of  gas  furnaces  for  brass  melting 
(page  62),  there  was  one  ordinary  open-hearth  regenerative  furnace 
at  the  Horwich  works,  in  which  was  melted  all  the  brass  for  large 
castings,  such  as  brasses  for  axle-boxes.  There  was  in  addition  a 
series  of  regenerative  pot  furnaces,  which  were  used  for  the  crucibles 
for  melting  brass  or  bronze  in  the  ordinary  way.  With  these  there 
was  no  difficulty ;  there  had  been  a  little  prejudice  against  them  at 
first,  but  that  seemed  to  have  died  away.  They  were  worked  in  the 
ordinary  manner ;  and  he  believed  the  castings  produced  from  them 
were  quite  as  good  as  could  be  produced  by  any  other  method. 

With  regard  to  the  firing  of  Lancashire  boilers  by  means  of  gas 
(page  54),  he  knew  of  one  instance  where  that  plan  had  been 
successful,  whilst  in  another  it  had  been  unsuccessful.  The 
conditions  under  which  the  use  of  gas  for  firing  boilers  could  be 
made  to  be  successful  were  peculiar.  It  could  not  be  hoped  to  get 
boilers  to  do  well  with  gas  firing,  unless  they  were  easily  driven ; 
if  they  were  hard  driven,  it  was  far  better  to  fire  them  with  coal. 

The  double-beat  valve  was  favourably  mentioned  in  page  57,  and 
lie  was  inclined  to  agree  with  the  author's  opinion  of  it.  Though  he 
had  not  used  it  himself,  he  thought  it  looked  a  good  mechanical  job 
when  it  was  in  its  place.  He  had  used  exclusively  the  ordinary  old- 
fashioned  revolving  Ramsbottom  valve,  Figs.  60  to  63,  Plate  24,  for 
the  reason  that  it  could  so  easily  be  got  at.  The  many  failun  3 
which  had  elsewhere  occurred  with  it  he  attributed  to  the  fact  that 

b  rule  the  casing  was  made  too  slender  to  stand  the  heat.  It 
oughl  to  l»e  much  thicker,  saj  from  •".  to  3}  inches  thick,  and  then  it 

Would  not  warp  or   twist   in  ;.  .      How  well   these  valves  would 

answer  when  they  were  properly  made  was  shown  by  the  fact  thai 

B  ffll6  of  them   which  were  situated  at   the  back  of  inciting  furna< 

had  now  been  al  work  for  three  or  four  years,  and  so  far  as  the 
casing  was  concerned  tiny  were  apparently  as  good  as  the  day  they 

were  put  in.     The  valve  itself  WM  of  course  subject  to  renewal  ;  and 
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it  was  easily  and  cheaply  renewed,  owing  to  the  cylindrical  form  of 

the  casing. 

There  seemed  to  he  little  trouble  in  getting  gas  to  flow  through 
considerable  distances  to  furnaces  in  which  it  was  required  to  be  used 
f»>r  such  a  purpose  as  spring  making  and  work  of  that  class,  where 
the  temperature  was  not  exceedingly  high.  At  one  time  he  had  had 
considerable  doubt  as  to  the  possibility  of  getting  furnaces  to  work  so 
far  away  from  the  gas  jn'oducer  as  he  had  found  could  be  done.  To 
any  members  who  might  be  interested  in  seeing  any  of  the  gas 
furnaces  at  Horwich  he  should  be  glad  to  show  them  at  any  time. 

Mr.  Benjamin  A.  Dobson,  Member  of  Council,  concurred  with 
Mr.  Aspinall  (page  67)  in  regard  to  firing  boilers  by  gas.     He  had 

i  about  a  score  of  instances  wrhere  that  had  been  tried,  some 
abroad  and  some  in  this  country;  and  it  had  invariably  been  the 
that,  if  the  boiler  was  worked  up  to  anything  like  what  was 
considered  generally  the  proper  rate  when  firing  in  the  ordinary  way 
frith  coal,  it  had  been  pulled  to  pieces  by  the  excessive  action  of 
the  gas  flame.  Where  the  boilers  were  underworked,  they  seemed 
to  work  economically  and  satisfactorily  with  gas  firing. 

Mr.  John   Head  considered  the  members  were  much  indebted  to 

the  author  for  the  painfl  lie  had  taken  and  the  energy  he  had  shown 

in  bringing  before  them  such  numerous  examples  of  gas  furnaces. 

Furnaces  were   generally  known  as  Siemens  furnaces, 

b  lug    -In'-    to  the  genius  of  the   late   Sir  William  Siemens   (whose 

istant  he  had  himself  been  foi  twenty-five  years)  and  of 
Air.  Frederics  Siemens;  and  the  varied  purposes  to  which  these 
furnaces  could  be  applied  were  illustrated  in  the  present  paper. 
Although  thi  I  'itution  had  not  had  the  benefit  of  any  subsequent 
paper  on  i  .dive  furnaces  Gram  the  late  Sir  William  Siemens 

thai  read  in  1862,  the  Literature  of  the  subject  was  well 
1  in  the  proceedings  of  kindred  societies,  in  whose  volumes 

-    of  the  examples  given   in  the  present    paper  bad  appeared. 

long  the  ill  town,  some  were  given  as  examples  not  to 

be  followed,  but  rather  to  he  avoided;  and  some  were  now  obsolete. 
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With  regard  to  the  regenerator.?,  he  considered  that,  in  all 
cases  in  which  the  gas-producer  was  placed  at  some  distance  from 
the  furnace,  four  regenerators  should  be  used.  The  use  of  two 
regenerators  only  was  not  correct  in  principle,  and  had  never  been 
adoj)ted  largely ;  nor  was  that  arrangement  capable  of  giving 
satisfactory  results,  for  the  reason  that  it  was  impossible  thereby 
to  utilize  entirely  the  waste  heat  of  furnaces.  If  it  was  tried 
to  do  away  with  the  cooling  tube  for  gases  on  their  way  to 
the  furnace,  a  mistake  was  made ;  for,  inasmuch  as  a  certain 
weight  of  hot  gases  went  out  of  the  furnace  through  the  two  outlet 
regenerators  in  a  given  time,  the  inflowing  gas  and  air  which 
supplied  the  furnace  must  be  capable  of  taking  up  the  same  amount 
of  heat  that  had  been  deposited  by  the  outgoing  gases  ;  therefore  the 
same  weight  of  cool  gas  and  air  must  be  passed  through  the  gas  and 
air  regenerators  on  their  way  to  the  furnace,  in  order  to  take  up  that 
heat.  If  this  were  not  done,  the  consequence  would  be  that  the 
reversing  valves  would  be  overheated  and  damaged,  leading  to 
leakage  of  gas  and  possibly  to  its  partial  combustion  before  reaching 
the  furnace  ;  and  there  were  other  inconveniences  which  he  had 
known  to  be  produced,  in  addition  to  the  actual  loss  of  fuel  thus 
caused.  In  a  20-ton  steel-melting  furnace  the  weight  of  the  outgoing 
gases  would  be  about  one  ton  in  five  minutes;  and  from  this 
circumstance  it  would  be  easy  to  estimate  the  importance  of  utilizing 
all  the  waste  heat.  In  page  48  of  the  paper  it  was  said  to  be  "  at 
limes  a  distinct  advantage  to  employ  gas  for  heating  furnaces  in 
which  the  savin-  in  cost  of  fuel  is  itself  a  secondary  or  comparatively 
unimportant  matter."  Such  cases  he  thought  did  not  occur  often  ; 
at  any  rate  in  his  own  experience  of  thirty  years  he  had  never  met 
with  them;  nor  had  lie  ever  found  any  one  willing  to  sacrifice 
fuel  for  the  sake  of  obtaining  other  advantages,  such  as  uniformity  of 

heat  or  absence  of  smoke. 

The     delivery    of    Wfl  tsefl     into     the     chimney    at    a    high 

temperature  (pages  48-9),  in  order  to  create  ■  sufficient  draught,  he 
di  precatecL     In   order   to   gel    ■   sufficient  draught   for  working   ■ 
furnace   advantageously,  a  chimney   high  enough  fox  the  purp 
should  be  provided;  a  Low  chimney  heated  to  a  high  temporal 
would  mean  waste  of  fuel. 
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The  blow-pipe  or  forced-blast  furnaces  (page  51),  in  which  the 
regenerators  were  made  of  lire-brick  tubes  or  their  equivalents,  had 
been  tried  many  years  ago,  and  found  wanting,  mainly  from  the 
circumstance  that  the  tubes  could  never  be  kept  tight :  there  was 
always  a  leakage  ;  and  of  course  in  such  furnaces,  if  there  was  a 
leakage  into  the  chimney  at  any  part  of  the  tubes,  the  gas  or  air 
which  was  intended  to  be  burnt  in  the  furnace  never  reached  it,  and 
the  working  of  the  furnace  must  suffer  in  consequence,  and  loss  of 
fuel  would  occur.  Such  furnaces  he  believed  had  recently  been 
brought  forwards  again  in  the  shape  of  the  Radcliffe  furnace,  shown 
in  Plate  21  ;  but  he  thought  this  furnace  had  not  yet  received  many 
applications  outside  the  works  where  it  originated.  As  to  the 
advantage  supposed  to  accrue  from  building  the  regenerators  in 
boxes  placed  at  the  top  or  at  the  sides  of  the  furnace,  he  did  not 
concur  in  it.  If  it  was  desirable,  as  in  many  cases  it  was  deemed  to 
be,  to  build  the  heating  chamber  of  the  furnace  on  girders,  there 
was  no  necessity  for  having  recourse  to  such  expedients.  When 
regenerative  furnaces. Vere  first  introduced,  the  question  of  expense 
had  been  an  important  consideration.  Some  firms  after  deciding  to 
adopt  them  had  tried  to  reduce  the  expense  of  their  application  ;  and 
if  under  such  circumstances  it  had  been  suggested  by  Sir  William 
Siemens  to  build  the  beating  chamber  upon  iron  girders,  making  the 

enexatOTB  a  separate  structure,  many  would  have  refused  to  build 
the  furnace,  owing  to  the  expense  involved.  Now  that  there  was 
more  enlightenment  upon  the  subject  and  more  willingness  to  incur 
the  lltMCWMiy  I  Kpense,  it  was  found  that  there  was  less  difficulty  in 
this  respect.  Bnt  the  idea  of  regenerators  on  the  top  of  the  furnace 
:  philosophically  correct ;  it  waswrongin  principle.  Heat  as 
it  was  deposited  in  the  regenerators  naturally  tended  to  rise  to  the 
top  ;  ].'  liould  be  vertical,  so  that  the  top  of  each 

should  be  the  hottest  part,  and  the  inflowing  currents  should  enter  at 

the    bottom  fo    heroine   gradually   heated  as  they  rose  to  the 

top    on    their    way    to    the    heating    chamber.      In    this   respect    the 

Ced     by    Sir    William    Siemens    were    certainly 

correct;    whereat   when   the   regenerator  was  put  at  the  top  the 

rted,  and   the  result   was  inferior  to  what  it 
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would  be  with  the  regenerator  beneath  the  furnace.  No  information 
was  given  in  the  paper  with  regard  to  the  consumption  of  fuel  or  the 
work  done  with  the  regenerator  on  the  top  of  the  furnace.  That  was; 
really  the  test  whether  one  furnace  was  better  than  another ;  and 
another  test  was  the  wear  and  tear  of  the  furnace,  and  on  this  head 
also  no  information  had  been  given  in  the  paper. 

The  new  form  of  Siemens  furnace,  referred  to  in  page  50  of  the 
paper,  fulfilled  all  the  conditions  of  a  regenerative  gas  furnace  with 
four  regenerators,  although  it  had  only  two.  The  gas  producer 
absorbed  the  heat  which  otherwise  would  be  deposited  in  the  gas 
regenerator.  By  this  plan  two  important  advantages  were  realised  : 
the  first  was  a  saving  of  about  half  in  the  cost  of  construction  ;  and 
the  second  was  a  saving  of  half  in  the  consumption  of  fuel.  From 
the  diagram  of  the  ordinary  gas  producer,  Fig.  52,  Plate  22,  it  would 
be  understood  that  air  coming  in  at  the  bottom  would  there  be 
converted  into  carbonic  acid,  which  passing  up  hot  through  the 
superincumbent  layer  of  red-hot  carbon  would  then  be  converted 
into  carbonic  oxide.  The  principle  of  the  new  furnace,  alluded  to 
in  page  59,  was  that  by  introducing  carbonic  acid  into  the  bottom  of 
the  producer  half  the  weight  of  the  carbon  in  the  fuel  might  be 
saved,  this  saving  being  equivalent  to  one-third  when  coal  was  used. 
Moreover  by  putting  the  producer  itself  near  the  furnace,  the 
producer  gas  could  be  delivered  hot  direct  into  the  furnace,  with  a 
further  economy  of  fuel  amounting  also  to  about  one-third  ;  and  in 
this  way  an  ultimate  saving  in  fuel  was  realised  of  nearly  two-thirds 
the  fuel  required  to  do  a  certain  amount  of  work  in  the  ordinary 
regenerative  gas  furnace.  The  relation  between  the  original  and  the 
new  form  of  furnace  was  shown  by  the  diagrams,  Figs.  58  and  54, 
Plate  22,  in  which  the  course  taken  by  the  currents  flowing  in  and 
out  of  the  two  furnaces  was  indicated  by  the  arrows.     In  5  to  59, 

Plates  22  and  23,  was  Bhown  the  oonstraotion  adopted  for  the  new 
furnace  in  practical  work.  The  number  of  these  furnaces  now 
built  or  in  course  of  construction  was  between  fifty  and  sixty.  One 
of  them  had  i  bed  measuring  80  feel  I  :.  and  had  heated  as 

much  as  7<>  Urns  of  steel  blooms  per  shift  of  twelve  hours.  The 
consumption  of  fuel  measured  during  three  shifts  or  thirty-sii  hours 
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of  continuous  work  was  only  one  cwt.  per  ton  of  steel  heated,  in 
comparison  with  the  other  heating  furnaces  working  in  the  same 
shop,  which  consumed  four  cwts.  of  fuel  to  do  the  same  work.  A 
furnace  on  this  plan  had  been  constructed  for  the  manufacture  of 
steel  on  the  open  hearth  ;  it  was  a  small  furnace,  because  he  wished 
to  commence  in  a  small  way,  and  then  go  on  to  larger  furnaces  ; 
compared  with  another  open-hearth  regenerative  gas  steel-melting 
furnace  working  in  the  same  shop,  it  showed  a  saving  of  50  per  cent. 
of  fuel.  The  use  of  the  regenerative  furnace  had  been  strongly 
advocated  by  the  late  Mr.  Holley;  but  the  cost  of  the  original  form 
was  Bometimes  found  to  be  an  objection  to  its  introduction.  The 
new  furnace  seemed  well  suited  to  fulfil  his  prediction  quoted  in 
page  65  of  the  paj>er,  as  it  effected  a  saving  of  50  per  cent,  in  cost  of 
construction,  and  also  a  saving  of  50  per  cent,  in  working,  over  the 
original  form  of  the  regenerative  furnace. 

Mr.  11.  Smith  Casson  said  the  open-hearth  steel-melting  furnace 

at  the  Earl  of  Dudley's  iron  works  at  Hound  Oak,  to  which  attention 

had  been  drawn  in  page  52,  was  working  with  only  one  gas  producer, 

and  not  two  as  stated  ;  it  was  giving  great  satisfaction,  although  he 

would    not    go   so    far    as   to   say  that  he   should   prefer   overhead 

generators  to  underground  ones.     In  the  present  case  the  overhead 

as  shown  in  Plate  11,  had  been  attempted  as  a  matter  of 

couTenience  more  than  anything  else.     There  was  not  the  space  for 

putting    the    regenerators   alongside,    and    they   could    not   be   put 

underground   owing   to   trouble  with  water ;  and  if  the  overhead 

arrangemenl  had  not  been  adopted,  the  furnace  would  not  have  been 

nil.     The  success  already  achieved  with  this  furnace  he 

ould  convince  any  oik;  who  saw  it  at  work  that  overhead 

regenerators   were   not  to  1";  objected   to.     Originally  the   furnace 

commonly  Known  as  the  Casson-Bicheroux    gas  heating- 

i .  thai   is,  s  mill   beating-fornace.     Ee  iras  anxious  to  get 

Lord  Dudley  to  go  into  steel  making,  because  lie   felt  convinced 

:t   the  fatun    of  South  Staffordshire   lay  eventually  in  steel,  and 

illy  in   ht<f]   luiulr;  on   the  basic  proa         lie  had  therefore 

i  at  his  own  risk  to  alter  the  furnace,  which  at  the  time 
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had  been  lying  idle,  into  a  steel  one,  and  to  do  so  by  adding  to  it 
overhead  regenerators  ;  the  idea  of  that  arrangement  had  occurred 
to  himself  and  to  Mr.  Talbot,  who  had  assisted  him  in  carrying  it 
out.  That  small  furnace,  which  in  the  ordinary  course  would  heat 
2  tons  of  iron  or  steel  per  heat,  was  now  producing  as  much  as 
80  tons  of  ingot-steel  per  week  ;  allowing  for  stoppages  and  repairs, 
the  make  came  to  something  like  65  tons  per  week,  or  about  3,000 
tons  per  annum.  There  was  no  difficulty  with  the  regenerators, 
excej)t  that  occasionally  they  sooted  up,  as  all  basic-steel  regenerators 
did,  which  he  attributed  to  the  influence  of  the  lime ;  in  all  other 
respects  the  furnace  worked  admirably.  He  considered  that  it  did 
not  do  a  fair  week's  work  if  it  did  not  turn  out  twelve  casts  per  week, 
and  it  had  reached  as  much  as  fourteen.  A  cast  had  been  got  out  in 
as  little  as  six  hours  from  the  time  the  material  was  put  in.  The 
furnace  had  worked  with  11  cwts.  of  screened  slack  per  ton  of  steel 
cast.  The  steel  made  was  found  to  be  of  excellent  quality  ;  in  fact 
it  compared  favourably  with  charcoal  iron.  If  it  were  required  to 
erect  a  large  plant,  he  did  not  say  that  he  should  go  upon  the  same 
system  of  overhead  regenerators  ;  but  in  cases  where  water  in  the 
foundations  was  difficult  to  overcome,  and  where  space  also  was 
of  value,  he  should  certainly  recommend  placing  the  regenerator- 
overhead.  As  regarded  continuous  regenerative  furnaces,  heating 
furnaces  of  this  kind  had  been  at  work  at  Bound  Oak  for  thirteen 
Of  fourteen  years,  and  had  given  no  trouble.  These  gas  furnaces 
were  turning  out  2  tons  of  iron  or  steel  ingots  per  heat,  consuming 
4.h  cwts.  of  slack  to  the  ton  of  ingots.  No  doubt  with  a  larger 
furnace,  such  as  had  been  mentioned  by  Mr.  Head,  2  cwts.  or 
perhaps  only  1  cwt.  per  ton  would  suffice  ;  and  as  there  were  boih tra 
overhead  lie  considered  great  advantages  and  economy  in  fuel  &C. 
were  gained  from  the  steam  raised. 

Mr.  John  Head  thought  that  inciting  steel  with  11  cwto.  of  Black 
per  ton,  as  stated  to  have  been  done  at  Round  Oak,  did  not  sho*  a 
favourable  result;  and  he  asked  whether  the  steel  was  made  from 
pig-iron  decarbonized  by  iron-ore,  or  from  pig-iron  simply  alloyi  1 
with  wzonght-iron,  and  whether  the  pig-iron  wm  charged  hoi 
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colJ  into  the  furnace.  There  was  a  great  difference  between 
manufacturing  steel  from  pig-iron  entirely,  and  from  pig-iron  mixed 
with  a  considerable  proportion  of  scrap. 

Jlr.  E.  Smith  Casson  replied  that  the  proportions  used  were  about 
GO  per  cent,  of  pig-iron  and  40  per  cent,  of  scrap.  The  pig-iron, 
which  was  charged  cold,  contained  from  2J  to  3  per  cent,  of 
phosphorus ;  no  doubt  if  a  purer  pig  were  used,  the  heats  could  be 
got  out  of  the  furnace  much  quicker.  The  steel-melting  furnace 
now  turning  out  6  tons  per  cast  had  simply  been  converted  from 
one  of  the  ordinary  gas  heating-furnaces,  which  had  been  built 
originally  to  heat  2  tons  of  iron  or  steel  at  a  time.  Considering  that 
this  furnace  was  only  a  six-ton  furnace  and  that  it  was  being 
worked  with  a  pig  which  was  so  high  in  phosphorus,  practical 
steel-makers  would  agree  that  the  consumption  of  coal  was  much 
lower  than  was  usually  the  case. 

Mr.  Alfred  Slater  said  within  only  the  last  two  or  three  months 

one  of  the  new  Siemens  regenerative  gas  furnaces  had  been  erected 

for  heating  iron  at  the  Gloucester  Wagon  Works.     Unfortunately 

owing  to  their  own  mistake  in  using  wrong  bricks  in  its  construction 

the    fbznaoe    went    out    of    repair    early :     so    that    he    had    not 

D    able    to  get   any   figures   as   to   the   consumption   of  coal   in 

proportion  to  the  work  done,  which  was  of  course  the  crucial  test. 

At  the  same  time  lie  had  no  hesitation  in  saying  that  the  furnace  had 

already  been  found  to  be  a  great  improvement  in  regard  to  economy 

of  coal    find    economy  of  repairs,    as   compared  with   tho  ordinary 

furnaces  previously  need.    Since  the  right  bricks  had 

substituted,  the  furnace  hud  given  no  further  tnmblo  in 

repairs,  and  bad  worked  well.     The  consumption  of  coal  lie  thought 

would  probably  be  something  like  oik  -tenth  of  what  it  used  to  be  in 

old  furnaces.    A   groat  deal  depended  upon  the  quality  of  the 

evident  from  the  figures  given  in  Messrs, 
Head  and  PoufPi  paper  (Iron  and  Steel  Institute  Journal,  1889  II, 

Which  i  that  for  doing  the   same  work    about  20   per 

m  required  of  London   screenings  than  of  Newcastle 
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cobbles.  At  Gloucester  lie  had  been  using  Forest  of  Dean  coal  of 
the  cheaper  kind  ;  and  he  quite  expected  it  would  there  be  necessary 
to  use  a  larger  proportion  of  coal  from  the  Forest  of  Dean  than  from 
elsewhere.  With  this  coal  the  furnace  had  worked  well  up  to  a 
recent  Saturday  night ;  but  on  the  following  Monday  and  Tuesday, 
although  the  use  of  the  same  coal  was  continued,  the  iron  could  not 
be  got  hot  enough  to  take  it  under  the  hammer.  On  Tuesday  night 
the  coal  was  changed  for  another  coal  from  the  Forest  of  Dean,  which 
unfortunately  cost  30  per  cent,  more  per  ton ;  but  if  anything  better 
results  were  obtained  with  this  dearer  coal  than  with  the  cheaper. 
Why  it  should  have  proved  beneficial  to  change  the  coal  he  did  not 
know.  The  same  men  were  working  the  furnace,  and  it  was 
apparently  in  exactly  the  same  condition,  so  far  as  could  be  seen 
externally ;  but  owing  to  the  heat  it  was  impossible  to  get  inside. 
Whether  the  difference  had  anything  to  do  with  the  state  of  the 
atmosphere,  or  whether  any  part  of  the  furnace  had  enlarged  owing 
to  the  extreme  heat,  or  whether  any  part  of  the  regenerative  chamber 
below  had  got  out  of  position,  was  a  question  which  could  only  be 
decided  when  the  furnace  was  cooled  down  so  that  a  man  could  get 
inside  it.  This  appeared  to  him  to  be  an  important  matter  for  those 
who  had  to  use  the  furnace,  because,  unless  they  had  their  own 
colliery,  they  would  not  like  to  be  bound  down  to  use  a  particular 
coal,  if  there  was  any  risk  of  its  being  afterwards  found  occasionally 
not  to  answer  the  purpose.  The  regenerative  heating  furnace  had 
been  adopted  at  Gloucester  after  a  good  deal  of  investigation ;  and 
notwithstanding  the  difficulties  which  had  been  experienced,  lie  was 
glad  to  say  lie  was  fairly  satisfied  with  the  results  up  to  the  present  time. 

Mr.  R.  N.  Oakmaw  referring  to  the  allusion  made  in  page  G2  to 
his  own  jtaper  read  at  the  Sheffield  Meeting  of  the  Institution  last 
summer  (Proceedings  1890,  page  402),  said  that  he  had  since  gone 
forward  with  further  applications  of  water-gafl  furnaces  in  the 
Sheffield  district.     The  statements  which  he  had  previously  made, 

in  regard  to  the  application  of  water-gas  for  crucible-steel  melting, 
ho  was  glad  to  be  able  now  to  say  had  been  more  than 
confirmed    by    the    working    of   additional    furnaces    which    he    had 
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since  constructed,  in  which  20  to  30  cwts.  of  small  coal  were  now 
doing  what  required  with  coke  firing  from  50  to  70  cwts.  of  coke. 
In  the  latter  case  the  consumption  was  about  3  lbs.  of  coke  per  pound 
of  steel  melted  ;  and  with  water-gas  this  was  now  reduced  to  1J  lbs. 
of  small  coal,  while  the  by-gas  or  producer-gas,  obtained  along  with 
the  water-gas,  was  not  taken  into  account  in  favour  of  the  result.  In 
■  tube-welding  furnace  just  started  the  indications  thus  far  obtained 
were  that  the  economy  in  fuel  would  be  about  40  per  cent.,  and  it 
might  rise  to  50  per  cent.  The  economy  in  manipulation,  the 
freedom  from  oxidation,  and  the  much  smaller  j)ercentage  of  waste 
of  metal,  would  be  the  leading  features  in  this  mode  of  welding. 
These  would  be  the  first  water-gas  tube-welding  furnaces  erected  in 
England. 

"With  regard  to  the  continuous  regeneration  of  the  air  in  furnaces 
fired  with  producer-gas,  which  was  alluded  to  in  the  present  paper 
(page  63),  the  producer-gas  was  used  under  jn-essure  in  all  the 
furnaces  which  he  had  erected.  From  the  producer  the  gas  was 
delivered  through  a  blower  or  exhauster  into  a  gas-holder,  which  acted 
Ml  governor,  being  loaded  so  as  to  give  a  pressure  of  about  three 
inches  column  of  water  ;  and  it  was  thence  delivered  through  pipes 
to  the  furnace.  In  this  way,  along  with  continuous  regeneration  of 
the  air  and  gas,  so  perfect  a  control  was  secured  by  means  of  the 
chimney  damper  and  by  the  regulation  of  the  air  valve,  that  with  the 
prodnoer-gas  alone  the  heat  could  be  raised  to  any  temperature  from 

1  to  2,000°  Fahr. — a  result  which  was  not  easily  attained  Avitli 
the  ordinary  continuous  regenerative  furnace. 

In  page  62  of  the   paper  he  observed  it  was  stated  that  to  some 

fur.  rater-gas  connections  had  been  applied  in  addition  to  the 

ions,  in  order  that  the  two  gases  might  be  mixed. 

o  connections  had  certainly  been  provided,  but  they  had  not 

together;    for  while  others  were   working   with   mixed 

own  exp<  rience  led  him  to  believe  that  mixing  the  gases 

was    hardly  profitable,  and    that    the    greatest    economy  in    fael 

taumption   depended   on   using  either  water-gas  or  producer-gas 

I  ording  to  the  'lass  of  WOTS  to  be  done.      Water-gas  by 

h'  should  be  utilised  for  the  higher  heats,  and  producer-gas  for 
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the  lower,  both  of  them  in  the  same  works,  but  not  for  the  same 
work. 

Open-hearth  steel-melting  furnaces  were  perhaps  those  which 
interested  engineers  more  than  any  other  furnaces  at  the  present 
time  ;  and  he  hoped  before  long  to  have  the  pleasure  of  bringing 
before  the  Institution  the  working  of  the  open-hearth  furnaces  of 
a  new  kind  which  were  already  in  operation  with  water-gas  in 
America,  as  well  as  of  others  now  in  course  of  being  built  on  the 
Continent.  A  three-ton  furnace  in  America  was  working  with  a 
consumption  as  low  as  6  cwts.  of  fuel  per  ton  of  steel  melted.  A 
furnace  of  that  capacity  could  be  erected  at  a  cost  not  exceeding 
£120  or  £130.  Other  gas-furnace  engineers  who  had  had  more 
experience  than  himself  might  perhaps  agree  with  him  in  the 
anticipation  which  he  entertained,  that  the  time  was  not  far  distant 
when  gas-furnace  firing  would  be  done  with  both  gas  and  air  under 
pressure. 

Mr.  A.  H.  Reed  considered  it  would  be  of  interest  if  the  author 
were  able  to  give  a  few  particulars  as  to  the  temperatures  used  in  the 
ditterent  furnaces  described  in  the  paper  ;  and  if  he  would  also  state 
what  pyrometer  he  considered  suitable  for  some  of  the  higher 
temperatures  used,  and  what  was  the  composition  of  the  gas  usually 
termed  water-gas.  He  should  be  glad  to  hear  a  little  more  about  the 
use  of  gas  for  boiler  firing,  as  he  happened  to  be  interested  in  a 
simple  arrangement  which  had  been  in  use  for  some  time  in  the 
United  States,  and  of  which  a  week's  trial  had  just  been  made  in 
London.  It  was  the  invention  of  Mr.  E.  B.  Cornell,  and  consisted  of 
a  pair  of  retorts  or  cast-iron  pipes  of  U  shape,  laid  alongside  each 
other,  and  connected  at  the  ends  of  their  adjacent  legs  so  as  to  form 
a  continuous  length  of  retort,  which  was  placed  horizontally  in  the 
Hue  behind  the  furnace  bridge.  A  small  pipe  from  the  steam  dome 
delivered  steam  into  the  further  end  of  the  retort,  in  which  it  was 
first  dried  and  then  decomposed  by  the  heal  ;  and  from  the  Dearer 
<  nl  of  the  retort  the  gaa  conveyed  through  a  small  pipe  to  an 

injector    in    the   closed    ash-pit      The  j«  t    of  gases    issuing  from   the 

injector  drew  in  through   it  a  Certain  quantity  of  air;  ami  the  mixed 
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and  air  passing  up  through  the  fire-grate  were  burnt  with  the 
Bolid  fuel  of  the  fire.  In  the  week's  trial  just  completed  of  this 
apparatus  it  had  been  applied  to  two  out  of  three  cylindrical  tubular 
boilers  at  the  St.  Katharine's  Dock  punrping  station  of  the  London 
and  India  Docks.  The  three  boilers  together  supplied  steam  to  the 
pumping  engines  feeding  the  accumulators  for  working  the  hydraulic 
appliances  at  the  docks.  There  had  been  no  opportunity  of  testing 
the  quantity  of  water  evaporated  per  pound  of  coke ;  but  the  record 
of  fuel  consumption  showed  that  the  engines  had  previously  been 
making  an  average  of  2,000  revolutions  per  chaldron  of  coke  burnt. 
Under  the  same  circumstances  as  regarded  the  dock  routine  and  the 
working  of  the  engines,  it  was  found  during  the  week's  trial  that  the 
engines  made  3,250  revolutions  per  chaldron  of  coke.  It  thus 
appeared  that  an  economy  of  38  per  cent,  in  fuel  was  effected  by  the 
use  of  the  apparatus ;  and  further  that  two  boilers  with  the  apj)aratus 
attached  were  competent  to  do  the  work  which  had  previously 
required  three  boilers.  Similar  results  from  the  use  of  the  apparatus 
were  reported  from  different  works  in  America. 

!\Ir.  J.  Macfablaite  Gray  said  the  water-gas  plan  just  described 
by  Mr.  Reed  (page   77)  had    been  submitted  to    his  consideration 

ie  weeks  ago,  with  a  view  to  its  being  tried  as  had  now  been 
done.  At  first  it  had  appeared  to  him  to  be  like  an  attempt  at 
perpetual  motion  ;  but  after  going  into  it  he  had  found  that  it  was 

htly  different.  That  it  was  so  would  be  seen  on  considering  that 
in  a  badly  constructed  furnace,  from  which  a  great  quantity  of  heat 
that  ought  not  to  be   lost  was  escaping  up  the  chimney,  it   might 

[uite  practicable  to  take  hold  of  that  heat  at  a  place  beyond 
heat    already    utilised    had    been    caught;    and    if    into 

that  place  could  be  put  what  had  just  been  described  as  a  retort, 
Iron   or   of  frrought-iron,   into   which   steam   was 

admitted    from    the    boiler,    it    wa     Stated    by    the    inventor   that   the 

would   decompose  the   steam,   and    the   dissociated   gases 

g  brought   bach  through  a  pipe  into  the  furnace  would  there 

i  doing  would  give  out  the  heat  produced  by 

ombinatioiL      The   heat  thus  got  in   the   furnace  was  no  more 
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than  the  heat  that  had  been  picked   up   from  the  place  where   it 
ought  not  to  have  been  escaping. 

Mr.  Robert  Bruce  mentioned  some  stationary  boilers  near 
Glasgow,  where  the  air  for  the  supply  of  the  furnace  was  heated  by 
the  waste  gases.  The  air  was  driven  by  a  fan  through  the  pipes  of 
the  heater,  in  which  it  passed  back  along  the  flues  of  the  boiler  in  the 
contrary  direction  to  the  chimney  draught,  whereby  it  was  heated  to 
a  considerable  temperature.  Of  this  hot  air  a  definite  quantity  was 
delivered  into  the  ashpit,  and  the  remainder  into  the  furnace  above 
the  fire-bars.  The  result  of  the  working  of  those  boilers  he  had  been 
told  was  a  considerable  saving  in  coal,  due  to  the  forced  draught  and 
the  heat  saved  by  the  air  from  the  waste  gases.  It  was  indeed  an 
application  of  the  well-known  plan  invented  and  arranged  by 
Air.  Howden,  which  had  been  successfully  used  in  marine  boilers. 
From  the  instance  he  had  mentioned  it  was  apparent  that  there  was 
still  considerable  economy  to  be  obtained  in  ordinary  boilers,  by 
recovering  much  of  the  heat  which  was  otherwise  passing  up  the 
chimDey  to  waste. 

Mr.  Edward  B.  Marten  had  had  no  experience  in  the  working  of 
boilers  with  gas  specially  made  for  the  purpose,  but  a  good  deal  of 
experience  in  Middlesbrough  and  other  districts  where  the  waste 
gases  from  blast-furnaces  were  used  for  boiler  firing.  He  had  been 
struck  with  the  remarks  made  by  Mr.  Aspinall  (page  G7)  and  Mr. 
Dobson  (page  G8),  that  the  gas-fired  boilers  had  been  found  to  suffer 
so  much  when  they  were  made  to  do  the  right  amount  of  work,  but 
that  when  they  were  worked  lightly  they  did  not  Buffer,  and  answered 
well.  What  was  the  nature  of  the  destruction  of  the  boilers,  or  why 
they  were  so  destroyed,  he  did  not  quite  understand:  whether  the 
application  of  the  gas  was  so  unfair  to  the  boiler  as  to  do  it  a  great 
deal  of  barm,  or  whether  the  gas  specially  mado  had  some  peculiar 
effect  upon  the  iron  ;  in  other  words,  whether  the  gas  was  applied 
to  the  boiler  in  some  awkward  or  trying  way.  or  whether  there  was 
something  in  the  gas  itself  which  did  tin:  miaohii  t'.  In  referenc 
the    short    experiment  With    regard    to    the    economy  of   using    gas 
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under  boilers  on  the  plan  described  by  Mr.  Reed  (page  77),  of  which 
i:  was  Btated  there  had  been  long  experience  in  America,  it  would  be 
interesting  to  know  whether  it  had  been  found  that  the  economy  in 
the  working  of  the  boiler  was  at  the  expense  of  the  boiler  itself,  and 
what  was  the  effect  upon  the  boiler.     In  working  boilers  with  spent 

366 — a  subject  indeed  having  little  to  do  with  the  present  paper, 
which  referred  to  gases  specially  made  for  the  purpose — the  difficulty 
was  that  the  spent  gases  would  sometimes  supply  an  enormous 
quantity  of  heat,  and  the  whole  boiler  would  be  bathed  in  a  fierce 
name ;  while  perhaps  the  next  hour  it  would  be  all  different,  and  the 
same  jriace  would  be  occupied  only  by  cold  air  and  weak  gas  without 
flame ;  and  the  boiler  would  be  so  affected  by  sudden  expansion  and 
contraction  as  to  wriggle  on  its  seating.  For  these  reasons  so  many  of 
the  long  plain  cylindrical  boilers  in  the  Middlesbrough  district  had 
Buffered.  Otherwise  they  were  strong  boilers,  and  were  exceedingly 
convenient  for  the  purpose;  but  the  sudden  great  changes  of  heat  in 
consequence  of  the  gas  being  taken  on  or  off  destroyed  them  in  a  short 
time,  and  made  them  break  in  the  middle.  The  difficulty  of  ajmlying 
the  heat  of  gas  to  boilers  had  always  seemed  to  him  to  be  that  there 

-  a  fierce  heat  at  one  place  while  the  rest  of  the  boiler  was  doing 
comparatively  nothing ;  and  the  result  was  that  the  hot  part  of  the 
boiler  soon  wore  out.  If  the  gas  could  be  employed  over  a  much 
larger  area,  bo  that  no  part  should  be  exposed  to  such  a  fierce  heat, 
that  difficulty  might  be  overcome. 

Mr.  Fbzdkrioh  Coltbb  enquired  whether  gas  firing  had  actually 

d  applied  t<>  brew  n*  coppers  in  the  manner  shown  in  Figs.  89  and 

and  what  had  been  the  result,  both  as  to  the  economy  in 

of  foe!  over  an  ordinary  ooal   furnace,  and  as  to  the  time  of 

l>»ilin;_'  the  copper.     Also  how  were  the  linos  arranged?  and  what 

kind  of  used,  and  how  produced?     For  what  period  had  this 

kind  of  furnace  been  in  operation  Cor  this  purpose?    It.  appeared  to 

him  that  damage  would  be  likely  to  occur  to  the  bottom  of  the  copper 

with  the  form  ownj   it  had  been  found  by  experience 

part  of  the  copper  was  protected  all  round  the 

circnla:  it  was  soon   burnt  away  ;  and  as  the  bottom  was  made 
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all  in  one  piece,  it  was  a  serious  matter  if  any  such  injury  took  place. 
In  most  furnaces  for  coppers  lie  had  found  in  his  own  experience  that 
it  was  material  where  the  bridge  at  the  end  of  the  furnace  was 
placed,  as  much  injury  had  been  done  to  copper  bottoms  by  taking 
this  much  beyond  the  centre  of  the  copper.  With  regard  to  the 
gas  furnaces  shown  in  Plate  17,  for  firing  Lancashire  boilers 
and  also  Babcock  and  "Wilcox  water-tube  boilers,  it  would  be 
interesting  to  know  what  was  the  economy  effected  in  comparison 
with  ordinary  coal-firing ;  and  whether  the  water  was  evaporated  as 
rapidly  as  by  an  ordinary  furnace,  or  more  so. 

Professor  Alexander  B.  W.  Kennedy,  Vice-President,  noticed 
that  attention  had  been  called  by  Mr.  Head  (page  71)  to  an  interesting 
point  with  regard  to  the  new  Siemens  furnace,  namely  that  the 
gaseous  fuel  was  there  used  while  it  was  still  hot,  the  gas  being 
generated  as  near  the  furnace  as  possible,  and  carried  into  the 
furnace  and  mixed  while  hot  with  the  air.  Long  ago  it  had  been  the 
view  of  Sir  William  Siemens,  he  believed — which  however  would  no 
doubt  have  been  modified,  had  he  lived  to  the  present  day — that 
there  was  not  only  no  disadvantage,  but  that  there  was  an  actual 
advantage  in  allowing  the  carbonic  oxide  to  cool  before  it  was  taken 
through  the  regenerator.  It  was  therefore  interesting  to  know  that 
in  modern  practice  the  gas  might  now  be  supplied  direct  to  the 
furnace  while  hot,  thereby  saving  so  large  a  quantity  of  heat. 

Though  not  himself  engaged  in  iron  making,  he  had  been  struck 
with  some  of  the  figures  given  in  connection  with  the  new  Sienu 
puddling  furnace  (Iron  and  Steel  Institute  Journal,  1890  I,  page  22), 
showing  that  the  cost  of  coal  per  ton  of  iron  made  was  only 
slightly  greater  than  the  cost  of  the  furnace  fettling  per  ton  of 
paddled  bars  :  so  that  the  cost  of  fuel  was  now  only  about  hull'  the 
cost  of  the  fuel  and  the  fettling  together,  exclusive  of  the  ordinary 
furnace  repairs.  This  result  enabled  him  to  emphasize  a  point 
which  bo  thought  was  not  always  borne  in  mind:  namely  thai  the 
successful  use  of  gaseous  fuel  in  certain  metallurgical  operations  had 
n  ally  no  direct  bearing  on  the  question  whether  it  was  worth  while 

t<>  use  gaseous  fuel  under  boilers,  for  the   whole  circumstance.-  and 

o 
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conditions  were  different.     In  gas  furnaces  such  as  the  author  had 

described  for  metallurgical  purposes,  the  essential  object  generally 

was  to  obtain  locally  an  extremely  high  temperature,  and  it  was  a 

necessary  consequence  of  the  process  that  the  burnt  gases  left  the 

furnace  at  a  high  temperature.     The  regenerators  were  therefore  put 

in,  because  it  could  not  be  afforded  to  lose  so  large  an  amount  of  heat 

in  the  escaping  gases.     In  the  firing  of  a  boiler  the  conditions  were 

all  altered  :  a  high  local  temperature  was  not  wanted,  nor  was  there 

any  necessity  that  the  gases  should  go  away  hot.    Although  therefore 

it  might  be  perfectly  true  that  under  certain  circumstances  gaseous 

fuel  might    be   valuable   for   boiler    firing,    yet    the    great   success 

which  had  attended  the  modern  development  of  gas   furnaces  for 

metallurgical  processes  was  not  of  itself  any  argument  that  similar 

furnaces  would  be  useful  for  firing  boilers.     The  latter  was  a  point 

that    required    separate   proof.       Although    he    could    conceive   of 

conditions  where  it  might  be  advantageous  to  use  gaseous  fuel  for 

boilers,  those  conditions  he  thought  must  be  somewhat  far  apart,  and 

somewhat  hard  to  find,  occurring   possibly  with  sj^ecial  fuels  and 

special  prices.     The  use  of  waste  gases  for  firing  boilers  was  another 

matter ;    but  where  gas  would   have  to  be  made  specially  for  the 

purpose   of  firing   boilers,   he  was  afraid  that   a   great  deal   more 

'lisq.pointment  would  still  ensue,  as  it  had  already  ensued,  from  the 

mistaken  notion  that  the  economy  of  fuel  obtained  in  iron  and  steel 

making,  due  no  doubt  to  a  great  extent  to  the  use  of  gaseous  fuel, 

might  be  equally  well  obtained  in  a  boiler  furnace.     The  mistake 

tu  rendered  palpable  enough  by  putting  the  matter  the  other  way 

round  ;  for  if  a  steel-melting  furnace  were  fired  without  a  regenerator, 

■  boiler  was  worked,  ii^  i  ffieiency  would  be  absurdly  low,  perhaps 

not  more  tlian  5  per  cent ;  wlu  real  ;t  boiler  fired  without  a  regenerator 

had  an  efficiency  of*  at  least  60,  65,  or  70  per  cent.,  and  in  good 

inch  more.    The  two  cases  therefore  could  not  strictly  be 

eompen 

Mr.  ISdwabd  B.  Mabtbs  was  reminded  by  Professor  Kennedy's 

that  he  had   himself  once  gone  into  the  question  wlicthor 

gaseous  fuel  could  be  made  at  one  central  station   for  working  somo 
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pumping  engines  in  South  Staffordshire,  at  some  distance  apart ;  and 
he  had  then  satisfied  himself  that,  although  this  could  be  done,  yet, 
even  if  half  the  fuel  could  be  thereby  saved,  the  interest  of  the 
outlay  upon  the  necessary  plant  would  take  all  the  profit  away,  and  it 
would  therefore  be  of  no  use  to  make  the  attempt. 

Mr.  Druitt  Halpen'  thought  Professor  Kennedy  had  stated  the 
matter  mildly  (page  82)  in  saying  that  in  a  steam-boiler  furnace 
from  60  to  70  per  cent,  of  the  theoretical  value  could  be  got  out 
of  the  fuel.  In  some  of  Professor  Kennedy's  own  tests  he  believed 
85  per  cent,  had  been  obtained ;  and  the  remaining  15  per  cent, 
was  legitimately  used  in  the  mechanical  work  of  the  draught. 
With  these  higher  results,  and  remembering  that  70  per  cent,  was 
readily  obtained,  he  failed  to  see  where  there  was  room,  even  apart 
altogether  from  expenditure  of  capital,  for  anything  like  the  saving 
of  50  per  cent,  which  Mr.  Marten  had  spoken  of. 

Mr.  G.  J.  Sxelus  believed  he  alone  had  had  experience  in  the 
practical  working  of  the  hydraulic  slide-valve  mentioned  in  page  58 
of  the  paper.  It  was  a  valve  arranged  by  his  late  pupil,  Mr.  Foster, 
for  the  use  of  the  Siemens  furnace ;  and  he  had  found  it  to  be 
exceedingly  valuable,  inasmuch  as  it  avoided  the  great  waste  of  gas 
which  he  thought  had  generally  been  found  to  result  from  the 
butterfly  valve  first  adopted  by  Sir  William  Siemens.  In  his 
experience  extending  over  many  years  with  a  large  number  of  gas 
furnaces,  he  had  found  it  extremely  difiicult  to  keep  the  butterfly 
valve  tight.  It  got  heated  and  warped,  and  let  the  gas  escape  up  the 
chimney;  and  unless  it  was  constantly  being  repaired,  the  waste  ol 
gas  was  serious.  Generally  the  waste  escaped  notice,  because  the 
valve  was  out  of  sight,  and  the  workmen  did  not  take  much 
trouble  with  it,  so  that  it  was  allowed  to  gel  into  bad  repair. 
Haying  examined  some  year-  ago  all  the  valves  then  in  use,  he  came 
to  the  conclusion  that  all  of  them  were  open  to  more  or  less  objection. 

Finally  he  had  made  an  experiment    with   the  slide-valve  as  ai  ran 

by  Mr.  Foster  for  reversing  by  hydraulic  pressure  ;  but  he  had  added  to 

it  a  cooling  arrangement   in  the  casing,  BO  M  to  prevent  the  .slide 

o  2 
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from  warping  or  twisting  or  getting  out  of  order.  There  was  a  great 
saving  in  the  gas  with  the  valve  so  arranged,  and  he  found  no 
difficulty  at  till  with  it,  with  the  one  small  exception  that  when  the 
valve  was  really  out  of  use,  and  the  furnace  was  allowed  to  go  cold, 
a  deposit  of  tar  accumulated  on  the  rubbing  faces  of  the  slide  ;  and  it 
was  necessary  to  make  provision  for  getting  at  both  the  back  and  the 
front  of  the  valve,  in  order  to  clean  it  from  time  to  time.  While  the 
valve  was  in  use,  there  was  no  trouble  with  it  whatever,  because  so 
long  as  it  was  warm  there  was  no  deposit  of  tar  ;  but  when  the  valve 
n as  cooling,  a  slight  deposit  of  tar  began  to  form  on  the  back  and 
front  of  the  slide,  which  gradually  accumulated  and  after  a  time  gave 
some  trouble.  Its  removal  was  no  great  difficulty ;  and  with  a  slight 
modification  of  Mr.  Foster's  arrangement  he  believed  that  nothing 
h  tter  could  be  devised  for  the  use  of  gas  furnaces  than  that  slide- 
valve.  The  double-beat  Cornish  valve  was  good,  but  it  was  never 
possible  to  be  quite  certain  of  its  being  home  ;  but  with  a  slide-valve 
it  was  known  that  the  aperture  was  perfectly  closed,  and  that  no  gas 
was  wasting,  so  long  as  the  valve  was  well  made,  and  so  long  as  the 
casing  was  kept  cool  by  the  circulation  of  water. 

Among  the  different  forms  of  gas  furnaces  described  in  the  paper 

there  was  no  reference  to  a  furnace  which  in  his  recent  visit  to  America 

he  had  found  to  be  in  extensive  use  there,  namely  the  Lash  furnace. 

It  was  used  particularly  where  ordinary  natural  gas  was  employed; 

but   he  did   not   see  any  reason  why  the  modification   adopted  for 

burning  natural  gas  could  not  also  be  applied  to  ordinary  producer- 

The  modification  consisted  in  the  position  of  the  regenerators, 

which,  instead  of  being  placed  underneath  the  furnace  as  in  the 

ordinary  Siemens  plan,  or  alongside  on  the  level  ground  as  in  some 

of  the  other  arrangements,  or  above  as  in  the  Oasson  furnace,  were 

plai  right  angles  to  the  furnace  in  the  flues  leading  to  the 

cliiiiiii'         The   regenerators  were  chambers  about  80  feet  long, 

ad  6  teei   high,  which  were  filled   with  regenerator 

bricks.     At  the  Homestead  Steel  Works  in  Pittsburgh,  Pennsylvania. 

<  •  had  no  less  than  sixteen  25-ton  basic  furnaces 

with  tin-  regent  arranged  after  thai  fashion  ;  nine  of  the  furnaces 

ring    at    ii<     time    of  his    Visit,    and    they    were    working 
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remarkably  well.  It  had  struck  him  that  it  was  an  exceedingly  good 
arrangement  of  the  regenerators  to  have  them  at  right  angles  to  the 
furnace,  quite  away  from  the  furnace  and  on  the  road  to  the  chimney ; 
and  he  thought  the  plan  was  well  worth  mentioning. 

Mr.  John  Head  mentioned  that  horizontal  regenerators,  placed  at 
the  same  level  as  the  heating  chamber  or  slightly  below  it,  had  been 
devised  by  Mr.  Frederick  Siemens  as  long  ago  as  185G.  The 
reversing  slide-valve  of  Mr.  Foster  was  said  to  be  an  excellent 
contrivance,  and  Mr.  Snelus'  favourable  opinion  of  it  was  quite 
sufficient.  But  if  the  flap  reversing  valve  was  objected  to,  there  was 
also  the  bell  valve,  which  was  used  in  France  and  Germany,  though 
not  so  much  in  England  ;  it  was  cooled  by  water,  and  it  always  kej)t 
tight  and  worked  satisfactorily ;  it  had  the  advantage  that  even  when 
it  was  cold  it  would  not  go  wrong. 

Mr.  Dawson,  in  confirmation  of  Mr.  Aspinall's  experience  as  to 
the  distance  through  which  gas  could  be  made  to  flow  from  the 
producer  to  the  furnaces  where  it  was  used  (page  G8),  said  he  had 
never  found  that  any  distance  likely  to  be  met  with  even  in  large 
works  formed  an  effectual  obstacle;  during  its  passage  below  ground 
the  gas  did  not  lose  anything  appreciable  either  in  temperature  or  in 
quality. 

It  was  agreed  by  both  Mr.  Aspinall  (page  G7)  and  Mr.  Dobson 
(page  G8)  that  boilers  tired  with  producer  gas — thai  i>.  gas  made 
specially  for  the  purpose,  and  not  waste  gas  from  a  blast-furnace — 
could  not  be  forced.  In  this  connection  it  might  be  well  to  point  out 
that,  where  there  were  only  one  or  two  boilers,  these  must  be  depended 
upon  for  supplying  the  steam  required  to  drive  the  e.us  producers. 
But  if  there  were  a  uumber  of  boilers,  the  best  thing  to  do  was  to  have 
a  small  independent  boiler  to  drive  the  gas  producers;  because  it'  the 
main  boilers  themselves  had  to  Bupply  the  producers,  and  a  carel<  sa 
fireman  tilled  them  all  up  with  water,  down  went  the  pressure,  and 

down  went  also   the   volume   of  Bteam   supplied    to  the    producer,  just 

when  an  increased  Bupply  of  gas  was  wanted  in  order  to  get  rid  of 

the   effect    of  the   cold    water   that    had    been    introduced.      The    >aim 
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applied  to  boilers  in  dye  works  and  breweries  and  for  working  steam 

hammers,  all  of  which  were  liable  to  sudden  demands  from  time  to 

time.    In  a  dye  works  with  which  he  was  acquainted  at  the  East  End 

of  London  there  were  live  Lancashire  boilers,  and  it  had  been  found 

advisable  to  disconnect  two  of  them  by  means  of  stop-cocks  and 

am-valves  ;  and  whenever  the  attendant  found  that  there  was  a 

sadden  demand  on  the  steam  in  the  other  boilers,  he  kept  these  two 

boilers  at  full  pressure  to  supply  the  gas  producers,  and  forced  the 

three  other  boilers  on,  which  there  was  no  difficulty  at  all  in  doing 

by  means  of  the  steam  in  the  two  boilers  that  were  kept  at  full 

pressure.      With   the   limited   experience  which   he,  like  so   many 

others,  had  at  present  had  in  the  direction  of  applying  gas  to  boilers, 

he  had  never  before  heard  the  objection,  raised  by  Mr.  Aspinall  and 

Mr.  Dobson,  that  it  was  impossible  to  force  boilers  fired  with  gas.     If 

the  boilers  could  be  worked  at  a  proper  pressure  and  at  a  proper 

rate  by  a  certain  quantity  of  gas  burnt   thoroughly,  he  agreed  that, 

on  any  attempt  to  force  them  with  more  gas  than  they  could  burn, 

down  would  go  the  pressure,  and  there  would  be  smoke  from  the  top 

of  the  chimney.     But  if  a  gas-fired  boiler  could  not  be  worked  so  as 

to  gel  B  proper  result  from  it,  that  was  probably  owing  to  a  defective 

arrangement,   such  as   the   excessive  introduction  of   air,   or   some 

d<  t'<  cf   in   the   combustion,  or  in   the   mixing   chamber   outside   the 

boiler;  or  elm  to  a  neglect  in  preventing  in  some  way  the  ignited 

from  impinging  on  a  comparatively  small  surface  of  the  boiler. 

On  various  occasions  attention  had  been  called  by  Mr.  Head  to  the 

necessary   to  ensure   complete    combustion    of   gas 

boiler  furnace,  before  allowing  it  to  impinge  upon  the  cold 

the  tube  or  flue  beyond:  because  wherever  incompletely 

burnt  gas  impinged   upon   the  cold  surface   of  the  tnbe  or  flue  it 

deposited  Boot,  and  also  cooled   below  the  temperature  of  ignition. 

oding  the   opinion   expressed   by  Mr.   Aspinall  and  Mr. 

.  he  thought  that  there   were  tests  published  by  Mr.  D.  K. 

I  and  others,  which  had  shown  thai  it  was  possible  to  obtain  a 

duty  from  a  gas-fired  boiler  onder  normal  conditions  than 

from  coal  firing  with  the  same  class  of  coal.    In 

:i  of  tl  In    believed  it  had  been  found  by  analysis 
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that  the  escaping  gases  in  the  chimney  flues  of  boilers  fired  with  gas 
contained  a  higher  percentage  of  carbonic  acid  than  when  the  boilers 
were  hand-fired  with  coal. 

When  Mr.  Casson  showed  him  the  open-hearth  steel-melting 
furnace  at  Round  Oak,  he  saw  two  producers,  both  of  which  were 
then  working ;  and  he  therefore  imagined  that  was  the  normal 
condition,  having  himself  no  knowledge  of  the  working  of  the  furnace. 
It  had  now  been  exidained  (page  72)  that  the  furnace  was  worked 
with  one  producer  instead  of  two. 

Some  of  the  diagrams  illustrating  the  paper  represented  failures 
(page  68),  to  which  he  had  alluded  in  connection  with  the  blow- 
pipe and  other  furnaces ;  and  he  thought  the  members  would  agree 
with  him  that  it  was  sometimes  advantageous  to  show  what  had 
failed,  as  well  as  what  had  succeeded.  Useful  lessons  could  be 
learned  from  failures;  and  possibly  there  were  few  engineers  who 
had  carried  out  gas-furnace  installations,  who  had  had  more 
experience  of  failures  than  himself,  and  also  of  the  best  means  <>i 
remedying  them  and  converting  them  into  successes.  It  was  well 
known  that  even  the  furnaces  erected  by  Messrs.  Siemens  had  not  all 
been  attended  with  unqualified  success.  There  were  several  furnaces 
which  had  been  at  work  in  the  country  for  some  years ;  and  yet, 
owing  to  the  inexperience  or  obstinacy  or  j>rejudicc  of  the  men,  it 
had  sometimes  been  impossible  to  give  exactly  similar  gas-fired 
furnaces  a  fair  chance  with  coal-fired  furnaces  doing  the  same 
work.  It  had  been  said  that  as  a  rule  it  was  scarcely  worth  while 
to  work  gas  furnaces,  unless  fuel  could  thereby  be  saved.  Often 
it  was  BO;  hut  there  were  places  where  the  difficulty  of  getting  fuel 
from  the  railway  siding  or  the  canal  bank  to  all  the  furnaces  in  a 
large  works  might  he  such  as  to  make  it  worth  while  to  apply  gaseous 
fuel   to   furnaces,    vats,    and   boilers,    when   the    cost    was   in   itself  a 

m  condary  object. 

With  regard  to   cooling  down  the  temperature  of  the  fur: 
effluent  gase-  too  low  to  ensure  sufficient  chimney  draught,  he  could 
nut  agree  with  Mr.  II<;i,l  (;  ')  that  it  was  only  n<  j  t<> 

build  a  higher  chimney  in  order  to  obtain  draught  enough.     Thai 

might  he  BO  with  reversing  regenerative  furnaces  ;  hut  with  continiu 
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regeneration  furnaces  the  difficulty  was  to  get  such  a  draught  as 
would  induce  the  air  to  enter  the  furnace,  without  at  the  same  time 
polling  the  gas  nnburnt  up  the  chimney.  If  the  gas  were  forced  in 
by  (he  Bt cam-jet  which  actuated  the  gas  producer,  there  was  nothing 
to  induce  the  air  to  enter  the  furnace  except  the  chimney  draught. 

\Vith  regard  to  leakage  through  the  joints  of  the  fire-brick  tubes 
in  the  Radcliffe  furnace  (page  70),  some  time  ago  he  had  been 
<ulted  as  to  whether  it  was  advisable  to  work  a  Radcliffe  furnace 
in  Sheffield  ;  and  he  accordingly  went  to  Woolwich,  and  saw  all  who 
were  concerned  in  the  working  of  the  Radcliffe  furnaces  there,  both 
in  the  gun  factory  and  in  the  laboratory.  They  had  assured  him 
that,  although  the  difficulty  of  leakage  through  the  joints  of  the 
fire-clay  tubes  was  hardly  imaginary,  it  was  scarcely  worth 
consideration  ;  and  he  had  been  surprised  to  find  that  the  joints  stood 
M  v,(  11  ;is  they  did. 

As  a  general   princijde  furnaces  that  had  only  two  regenerators 
bad    been    condemned  by  Mr.  Head  (page   G9),  who  however  had 
then  called    attention  to  the  new   Siemens  furnace    with    only  two 
aerators  (page  71). 

Allusion  had  been  made  by  Mr.  Casson  (page  73)  to  the  difficulty 

he   had   found   with    lime    or  some    other   material    sooting  up  the 

04  raters.    From  Lis  own  experience  of  the  working  of  other  basic 

furnaces,  that  difficulty  was  not  confined  to   the  furnace  at  Round 

( i;tk.     All  regenerators  were  liable  to  it.     All  the  regenerators  of  the 

ordinary  Siemens  kind  <_r<>t  choked  op  with  slag,  which  whs  run  down 

from  the  brickwork  itself  in  the  passages  leading  from  the  furnace  to 

the   regi  aerator.     Thai  difficulty  of  course  would  not  occur  with 

placed  above  the  furnace.     But  the  difficulty  of  blocking 

np  with   lime  dost  the  chequer   work   in   the  regenerators  of  basic 

ftui  lue  to  the  tad  thai  in  most  of  such  furnaces  u  shovelful 

move  or  lest  of  powdered  lime  was  introduced  at  some  period  of  the 

elm  chimney  draught  on  the  furnace  carried  a  portion 

'hat  hot  powdered   Lime  direct    into  the   regenerators  at  a  high 

■  id  the  lime  fluxed  there  upon  the  chequer  work  of  the 

srhether  the  chequer  work  was  built  of  lire-bricks  or 

silica.    U  the  lime  were  supplied  into  the  furnace  in  the  form 
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of  nuts  or  cobbles,  he  thought  no  more  trouble  would  occur  from 
its  choking  the  chequer  work  with  light  dust  carried  from  the 
furnace. 

Although  Mr.  Slater  had  spoken  of  his  experience  as  so  limited 
with  regard  to  the  new  Siemens  furnace  at  his  works  (page  74),  it 
should  be  remembered  that  few  others  could  have  had  a  much 
longer  experience,  because  the  furnace  had  been  introduced  only 
a  short  time  ago. 

The  low  cost  of  water-gas  furnaces  for  carrying  out  many  of 
the  processes  to  which  producer-gas  had  hitherto  been  exclusively 
applied  had  been  spoken  of  by  Mr.  Oakman  (page  77).  To  himself 
so  low  a  cost  was  astonishing  ;  but  having  had  no  personal  experience 
of  the  furnaces  described,  he  could  not  point  out  how  it  was  that 
such  good  results  could  be  attained  at  such  a  low  cost  in  the  matter 
of  construction  and  erection. 

The  composition  of  water-gas  (page  77)  was  a  matter  of  technical 
analytical  chemistry ;  and  for  information  in  regard  to  it  therefore  he 
preferred  to  refer  to  some  of  the  makers  or  users  of  water-gas,  or  to 
some  of  their  jmblished  statements  about  it. 

As  to  the  pyrometer  he  recommended  for  testing  the  temperature 
of  the  furnaces  (page  77),  he  was  sorry  to  say  he  had  never  yet  had  a 
pyrometer  which  either  returned  to  zero  when  it  was  taken  out  of  the 
furnace,  or  did  not  want  a  fresh  constant  of  error  worked  out  for  it 
every  time  it  was  used,  before  its  indications  could  be  relied  upon. 
During  bifl  <»wn  experience  some  years  ago  in  the  working  of  blast- 
furimces.  lie  had  never  met  with  a  pyrometer  that  could  not  also  U- 
cooked,  according  to  the  wish  of  the  furnace  manager,  in  order  to 
show  the  temperature  at  which  he  was  directed  to  maintain  the  hoi 
blast  :  this  was  the  case  alike  with  the  (Jauntlett,  the  Hobson,  and 
the  Siemens  pyrometer.  As  to  the  actual  temperatures  inside 
the  furnaces,  in  the  absence  of  any  reliable  pyrometer  he  was 
Borry  that  he  could  give  do  information.  Bffany  honks  had  been 
published  giving  the  melting  temperatures  of  steel,  copper,  and 
nickel ;  and  to  those  he  musl  refer. 

With  regard  to  firing  boilers  by  gas,  this  was  nol  quite  such  a 
new  thing  as  was  boum  times  imagined.     There  were  hundreds  of 
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lers  fixed  by  gas  in  the  Cleveland  and  other  districts  where  there 
were  bell-topped  blast-furnaces,  from  which  the  gas  was  taken  off 
for  heating  the  blast  and  raising  steam  ;  but  that  was  not  quite  the 
same  case  as  the  tiring  of  boilers  with  producer-gas,  because  nearly- 
all  the  boilers  tired  with  blast-furnace  gas  were  fired  with  gas  made 
from  coke,  whereas  boilers  fired  with  producer-gas  were  fired  with 

-  made  from  coal.  The  difference  however  was  not  so  great 
as  to  render  boiler-firing  with  producer-gas  so  entirely  a  matter  of 
experiment  as  seemed  to  be  sometimes  supposed.  Some  years  ago 
he  had  conducted  at  Swindon  an  experiment  for  Mr.  Dean  as  to  the 
relative  quantity  of  water  that  could  be  evaporated  from  a  boiler  of 
the  locomotive  type,  by  hand-firing  with  coal  and  by  firing  with  gas 
made  from  the  same  coal,  both  with  and  without  the  ordinary  brick 
arch  in  each  case.  The  result  of  hand-firing  with  coal  he  could  not 
remember ;  but  in  gas-firing  with  the  producer  worked  with  the 
greatest  care  he  did  remember  that  the  maximum  efficiency  attained 
was  8'  lbs.  of  water  evaporated  by  1  lb.  of  small  dirty  South  Wales 
bituminous  coal.  The  difficulty  of  gas-firing  in  a  boiler  of  the 
Locomotive  type  was  that  before  the  producer-gas  flame  had  got  8  or  9 
inches  along  the  tubes,  or  under  the  best  circumstances  perhaps  2  or 
it  went  out,  and  all  the  further  heating  power  of  the  gas  was 
gone.  With  water-tube  boilers,  in  which  the  gas  was  circulating 
round  the  outside  of  the  tubes,  the  result  was  much  better.  With 
water-tube  boilers  of  the  kind  shown  in  Figs.  43  and  44,  Plato  17,  ho 
believed  that  tlie  best  results  attained  with  gas-firing  showed  an  economy 
of  about  17  per  cent,  over  hand-firing  with  coal.  It  was  only  right  to 
here    thil    economy   had     been    attained    tho    hand-firing 

had   be  s  bad   character  before     In   most  of  the  comparative 

made  about  the  superiority  of  gas-firing  over  band-fixing 

with  eoal  it  was  omitted  to  be  mentioned  bow  well  or  how  badly  the 

which  the  gas  had  superseded  bad  been  dona     The  best 

poxation   of  which   lie   had    heard    in    water-tube   boilers   with 

product  about  J  ] .',  Lbs.  of  water  per  Lb.  of  coal,  evaporated 

m    212      Fahr.      He  did   not   vouch   fox  the  accuracy  of   the 

;  bat  they  had  been  given  him  by  the  users  of  gas-fixed 

boilers.    ]  tionaxy  boilexi  Dear  Glasgow,  worked  with  heated 
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air  and  a  forced  draught,  which  had  been  mentioned  by  Mr.  Bruce 
(page  79),  scarcely  came  within  the  province  of  gas-firing.  The 
irregular  supply  of  blast-furnace  gas  to  the  old-fashioned  plain 
cylindrical  egg-ended  boilers  from  70  to  90  feet  long,  which  were 
formerly  employed  in  the  Cleveland  district,  had  been  mentioned  by 
Mr.  Marten  (page  80) ;  they  used  to  go  on  arching  up  and  down  in 
the  middle  of  their  length  until  something  gave  way,  usually  one  of 
the  seams ;  and  disastrous  explosions  had  resulted  from  that  action, 
which  was  supposed  to  be  due  to  the  irregular  supply  of  gas.  No  one 
he  imagined  would  now  attempt  to  employ  egg-ended  boilers  of  so 
great  a  length  for  firing  with  producer-gas.  In  firing  Lancashire  or 
Cornish  or  water-tube  boilers  with  gas,  he  did  not  think  there  would 
be  any  trouble  from  slight  irregularities  in  the  supply  furnished  by 
the  producer.  He  wished  to  take  this  opportunity  of  thanking 
Professor  Kennedy  for  putting  into  a  more  concise  and  terse  form 
than  he  had  ever  heard  it  put  in  before  (page  82)  the  distinction 
between  the  waste-gas  temperature  from  boilers  and  from  other 
furnaces ;  his  remarks  were  most  valuable  for  dispelling  the  notion 
that  boilers  should  be  fired  with  gas  under  the  same  circumstances 
as  regenerative  furnaces. 

Brewers'  coppers,  about  which  Mr.  Colyer  had  asked  (page  80), 
had  been  set  in  different  ways ;  they  were  more  generally  set  with 
the  old-fashioned  wheel  flue,  as  shown  for  gas-firing  in  Figs.  39 
and  40,  Plate  16.  The  gas  was  ordinary  producer-gas,  made  from 
Derbyshire  small  coal ;  and  the  system  had  been  employed  for 
several  years.  In  this  instance  it  would  be  seen  that  there  was  also 
continuous  regeneration  of  the  air  entering  through  a  flue  beneath 
the  firing  chamber.  The  illustration  in  Plate  1G  was  from  a  drawing 
lent  from  Messrs.  Fremlin's  pale-ale  brewery  at  Maidstone,  where 
first  one  copper  had  been  tried,  and  then  several  more;  and  they 
were  now  increasing  the  number  of  their  gas-producers  with  a  view 
to  filing  the  whole  of  their  ooppers  with  ga&  I Tc  had  never  heard 
from  them  that  there  had   been  any  trouble  with  the  thin  OOpperB  in 

aid  to  their  standing  the  impact  of  the  flame  where  it  struck 
direct  upon  them  ;  if  there  had  been  any  Bnch  trouble,  lie  should 
have  been  sure  to  hear  of  it. 
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(Mr.  Dawson.) 

Of  Mr.  Foster's  hydraulic  slide-valves,  referred  to  by  Mr.  Snelus 
(page  8.°>),  the  only  examples  which  he  had  seen  were  at  West 
Hartlepool,  where  they  seemed  to  be  doing  well.  They  were  no 
doubt  costly,  and  in  some  places  they  might  not  be  applicable, 
because  it  was  not  everywhere  that  accumulators  were  available  for 
giving  the  hydraulic  pressure  necessary  to  reverse  the  valves.  There 
were  troubles  with  various  sorts  of  valves  from  warping,  but  he  had 
never  heard  that  the  Foster  valves  had  given  trouble  in  that  respect. 

With  respect  to  the  Lash  furnace  (page  84),  he  had  endeavoured 
to  get  information  from  the  United  States  about  it,  in  order  to 
crtain  how  far  it  might  be  suitable  for  producer-gas  as  well  as 
for  natural  gas ;  but  up  to  the  present  time  he  had  not  succeeded  in 
doing  so.  In  regard  to  furnaces  with  horizontal  regenerators,  it 
would  l>e  remembered  that  the  ordinary  horse-shoe  type  of  furnace 
had  for  years  past  always  been  arranged  with  horizontal  regenerators. 
Furnace!  worked  on  that  principle  he  believed  had  been  constructed 
in  Barnsley  not  long  ago  ;  and  he  understood  the  furnaces  of  horse- 
shoe type  were  giving  excellent  results  as  far  as  gas-firing  went. 
There  were  other  furnaces  for  working  glass  and  nickel,  which  were 
also  arranged  with  regenerators  like  the  ordinary  horse-shoe  type  of 
furnace. 

With  regard  to  the  ex])ediency  of  reversing  regenerators  for  firing 
boilers,  a  great  many  reversing  regenerative  furnaces  for  firing 
boilers  had  been  erected  in  different  parts  of  Germany ;  but  he 
believed  th<  general  opinion  arrived  at  was  that  they  did  not  justify 
their  cost  and  their  complication.  Considering  the  one  point  which 
t]  <    i  oonomy  of  working  a  boiler,  namely  that  the  waste  gas 

hi  Leav<  at  b  low  temperature,  he  could  not  conceive  how  under 

carcoinstaneei  it  could  be  worth  while  either  to  put  an  excessive 
into  the  boiler  furnace  or  to  beat  the  gas  to  the  high 
btained  with  reversing  regenerators;  nor  on  the  other 
hand  ought  there  to  be  sufficient  unburnt  gas  or  sufficient  waste  heat 
coining  out  of  the  boih  r  furnace  to  be  worth  while  passing  it  through 
the  enerators.     With  the  exception  of  a  few  cases  he 

believed   all   the  fired    boiler   furnaces   had   been 

abandon*  d. 
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The  President  proposed  a  cordial  vote  of  thanks  to  Mr.  Dawson 
for  his  highly  interesting  and  comprehensive  paper,  which  had  elicited 
so  much  discussion  and  would  he  was  sure  prove  most  valuable  to 
engineers  generally.  It  was  of  as  much  importance  to  know  what 
not  to  do,  as  what  to  do  ;  and  throughout  his  own  work  he  had  always 
endeavoured  to  find  out  first  what  had  been  tried  and  had  failed,  and 
so  to  avoid  the  failures,  not  wasting  time  by  going  again  over  the 
same  ground.  He  would  take  the  opportunity  of  adding  how  entirely 
he  concurred  with  Professor  Kennedy's  remarks  about  gas-firing  for 
boilers  (page  82),  which  expressed  his  own  views  as  fully  as  he  could 
have  done  himself. 
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OX  THE  MECHANICAL  TEEATMENT  OF 
MOULDING  SAND. 


By  Mb.  WALTER  BAGSHAW,  of  Batley. 


Literature  on  the  art  of  Founding  and  on  the  materials  employed 
in  the  Moulding  of  iron,  steel,  and  brass,  is  unfortunately  scanty, 
owing  no  doubt  partly  to  the  lack  of  the  same  personal  interest  in 
the  foundry  that  is  taken  in  other  departments  of  engineering 
works  ;  and  in  a  large  number  of  instances  this  want  of  familiarity 
with  foundry  practice  causes  the  production  of  castings  to  depend  on 
the  experience  of  individual  workmen.     If  a  waster  casting  be  the 

ilt,  it  is  invariably  and  not  unnaturally  attributed  to  accident, 
when  it  may  be  more  probably  due  to  want  of  skill ;  for  even 
moulders  themselves  are  not  generally  credited  with  a  scientific 
knowledge  of  the  principles  on  which  their  art  depends.  In  large 
shops  there  is  of  course  a  competent  foreman,  who  is  responsible  for 
the  execution  of  orders  in  the  most  economical  way  ;  whereas  in 
smaller  foundries,  even  important  work,  such  as  the  preparation  of 
and  mixture  of  sand,  is  not  infrequently  carried  out  by 
unskilled  workmen  in  a  rather  empiric  manner.  On  the  subject  of 
the  present  paper  there  seems  to  be  as  much  difference  of  opinion  as 
there  is  diversity  in  practice  ;  the  writer  therefore  hopes  discussion 
may  help  to  settle  debatable  points.  Some  moulders  place  faith  only 
in  kneading  or  treading  the  few  simple  male  rials  composing  their 
l.  jealously  guarding  the  preparation  as  a  trade  secret,  and 
condemning  all  machine  work;  whilst  others  are  equally  emphatic 
in  favour  of  the  particular  machine  for  grinding,  riddling,  or 
to  which  they  have  been  accustomed. 

\d,     \',<  tote  ck  cribing  the   foundry  pn  in  use  it  may 

pecimenfl  of  the  ingredientB  generally 

I. 
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Fig.  1,  Plate  25,  is  a  view,  magnified  50  diameters,  of  sand  found 
and  much  used  in  the  "West  Riding  of  Yorkshire.  In  its  natural 
state  it  will  be  noticed  that  a  portion  of  the  grains  adhere  together 
in  clusters,  varying  in  size  from  masses  containing  hundreds  of  sand 
grains  to  smaller  groups  of  three  or  four  grains,  most  of  them  small 
enough  to  pass  through  an  ordinary  fine  riddle  without  disintegration. 
The  form  and  size  of  the  groups  are  very  irregular,  and  many  are 
covered  with  a  fine  scaly  powder.  Samples  from  the  bulk  show  a 
preponderance  of  grain  groups  devoid  of  any  uniformity.  There 
are  exactly  the  same  appearances  in  fine  Mansfield  and  other  sands, 
though  the  presence  of  sharp  crystals  may  be  more  frequent,  and  the 
abraded  corners  not  so  conspicuous. 

Fig.  2,  Plate  25,  represents  new  sand  mixed  with  coal  dust  and 
burnt  sand.  The  dark  spots  dotted  over  the  new  grains  are  particles 
of  coal  which  attach  themselves  in  this  manner,  and  when  subjected 
to  the  heat  of  molten  metal  are  converted  into  coke,  often  enveloj^ing 
the  sand  grain  with  a  crust,  as  shown  in  Figs.  3,  4,  and  6,  Plate  26. 
In  none  of  the  specimens  examined  was  coal  found  in  a  separate  loose 
Btate. 

Figs.  3  and  4,  Plate  26,  show  samples  of  old  sand  very  much  like 
gas  coke,  with  perhaps  more  of  a  metallic  lustre. 

Fig.  5  shows  the  extent  to  which  sand  may  be  destroyed  by 
burning  or  chemical  action.  Numbers  of  these  friable  hollow  husks 
occur  in  a  more  or  less  broken  condition,  and  are  easily  reduced  to 
fine  powder  by  concussion  with  other  particles.  If  used  again  in 
sufficient  quantity,  they  will  cake  and  cause  metal  to  boil. 

Fig.  6  illustrates  the  formation  of  a  shell  round  a  sand  grain  ; 
the  shell  may  be  cracked  like  a  nut,  exposing  a  kernel  of  clean  Band. 

Coal  dust,    as    commonly    found,   takes    the    form   <>l*    angular 
splinters  with  laminated  surfaces.      When  magnified  50  diamefc 
Fig.  7,  Plate  26,  it  appears  only  like  a  fine  powder  ;  the  larger  piea  - 
me  not  present  in  quantities,  if  the  ooal  has  been  properly  ground. 

These  matt-rials  after  incorporation  ure  generally  ooated  with 
Borne  other  substance,  plumbago  being  the  most  preferred;  but  it  u 
difficult  to  give  :i  oorreci  impression  of  this  article  in  ■  drawing. 
The  flakes  shown  in  Fig. s.  Plate  26,  are  taken  from  ■  surface  polished 
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with  black  lead,  presenting  to  the  naked  eye  merely  its  own  peculiar 
lustre  over  a  large  area.  When  viewed  in  bulk  it  is  fluffy,  like 
soot :  and  the  outlines  of  separate  flakes  are  not  well  defined  by  the 
prevailing  light  and  shade. 

The  chemical  composition  of  sand  will  obviously  affect  the  nature 
of  the  casting,  no  matter  what  treatment  it  undergoes.  Stated 
generally,  good  sand  is  composed  of  94  parts  silica,  5  parts  alumina, 
and  traces  of  magnesia  and  oxide  of  iron.  Sand  containing  much  of 
the  metallic  oxides,  especially  lime,  is  to  be  avoided. 

Geographical  position  is  the  chief  factor  governing  the  selection 
of  sand  ;  and  whether  weak  or  strong,  its  deficiencies  are  made  up 
for  by  the  skill  of  the  moulder.  For  this  reason  the  same  sand  is 
i  iften  used  for  both  heavy  and  light  castings,  the  proportion  of  coal 
varying  according  to  the  nature  of  the  casting. 

A  common  mixture  of  facing  sand  consists  of  six  parts  by  weight 
of  old  sand,  four  of  new  sand,  and  one  of  coal  dust.  Floor  sand 
requires  only  half  the  above  proportions  of  new  sand  and  coal  dust 
to  renew  it.  German  founders  adopt  one  part  by  measure  of  new 
Band  to  two  of  old  sand ;  to  which  is  added  coal  dust  in  the 
proportion  of  one-tenth  of  the  bulk  for  large  castings,  and  one- 
twentieth  for  small  castings.  A  few  founders  mix  street  sweepings 
with  the  coal,  in  order  to  get  porosity  when  the  metal  in  the  mould 
ifl  likely  to  be  a  long  time  before  setting. 

Plumbago  is  effective  in  preventing  destruction  of  the  sand  ;  but 
owing  to  its  refractory  nature  it  must  not  be  dusted  on  in  such 
quantiti  to  dose  the  pores  and  prevent  free  exit  of  the  gases. 

Powdered  French  chalk,  Boapstone,  and  other  substances  are 
sometimes  used  for  facing  the  mould  ;  but  next  to  plumbago,  oak 
charcoal  lakes  the  best  place,  notwithstanding  its  liability  to  flout 
nonally  and  give  b  rough  casting. 

Hand  Riddling  and  Treading.     For  the  treatment  of  sand  in  the 

moulding  shop,  the  most   primitive   method    is  that  of  hand  riddling 

cod    treading.     Here  the    materials   are    roughly  proportioned    by 
ad  riddled  over  an   iron  plats  in  a  flat  heap,  where  the 

luixtiiJ'  Iden  into  a  cake  by  .-tamping  with  the  feet;  it  is  turned 
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over  with  the  shovel,  and  the  process  repeated.    There  is  no  doubt  that 
tough  sand  can  be  obtained  in  this  manner,  its  toughness  being  usually 
tested  by  squeezing  a  handful  into  a  ball  and  then  breaking  it ;  but 
the  process  is  very  slow  and  tedious,  and  consequently  expensive 
if  tried   on   a    large   scale.     Other   things   being   equal,   the   chief 
characteristics  of  a  good  moulding  sand  are   toughness  and  porosity, 
qualities  that  depend  on  the  manner  of  mixing  as  well  as  on  uniform 
ramming ;    indeed    the    same    result    would    follow    from   want   of 
attention  to  the  one  as  to  the  other.     For  instance  it  is  well  known 
that  a  mould  rammed  too  tightly  in  one  place  and  loosely  in  another 
will  cause  a  swelled  uneven  surface  on  the  casting.     Similarly  if 
quantities   of    fat   sand   and   poor   sand   occur  alternately  through 
improper  mixture,  the  power  of  resisting  the  pressure  of  the  molten 
metal  is  not  equal,  apart  from  the  liability  of  causing  the  metal  to  scab ; 
and  a  wavy  rough  surface  will  be  the  consequence,  as  in  the  casting 
exhibited  from  improperly  mixed  sand.     Another  casting  shows  the 
effect  of  loose  coal-dust  on  the  skin  of  the  metal.     In  America  a 
moulder  will  often    prepare   his   own   sand   by  hand   riddling   and 
treading,   rather   than   have   it   put   through   a   machine.     For   the 
pneumatic   method  of   moulding   with  compressed   air  and   flexible 
pressure-plate  it  is  claimed  that  it  gives  sand  of  uniform  density  at 
all  points  equidistant  from  the  pattern ;  yet  in  this  system,  as  in 
hand  moulding,   the  thorough  mixture  of   the  sand  is  of  the  first 
importance.     The  practice  of  piercing  the  mould  with  a  vent  rod 
will   never   give  results  equal  to  those   realised  with  sand  having 
it-  ingredients  properly  incorporated. 

Power  Biddling. — It  is  only  a  step  from  hand  riddling  to  power 
riddling;  and  the  latter  has  been  made  to  approach  as  nearly  as 
possible  to  the  former  by  a  succession  of  impulsive  movements  for 
the  purpose  of  opening  out  the  sand.  Usually  a  power  riddle,  as 
shown  in  Fig.  10,  Plate  27,  consists  of  a  set  of  tra  horizontal 

liars  called  breakers,  placed  over  .  riddle,  below  which  again  ifl  a 

fine  riddle,  the  whole  being  set  slightly  sloping  downwards  towards 
the  outer  end.  Lumps  that  do  not  patB  through  these  roll  oil"  into  a 
heap  at  the  lower  end.      The   frame  carrying  the  liars  and   ri.hlh 

r 
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suspended    from   straps,   and   oscillated   by  a    crank  or   cam   at   a 
speed  of  120  to  140  revolutions  per  minute.     For  quantity,  this  mode 
of  mixing  is  a  decided  advance  on  the  slow  hand-process,  though  it 
cuts  the  objection  of  not  opening  out  the  groups  of  grains. 

Ilolh  r  Mill. — Another  means  of  treating  sand  is  the  roller  mill, 

.11,  Plate  27,  which  is  said  to  answer  very  well  for  hard  sand 
containing  stone.  With  soft  sand  the  writer's  experience  has  not  been 
favourable  to  rolling,  inasmuch  as  the  castings  made  with  sand  so 

ted  show  a  strong  tendency  to  scab;  but  other  founders  state 
they  do  not  find  any  serious  disadvantage  from  its  use.  Viewed 
through  a  microscope  the  effect  of  slight  pressure  on  sand  would 
tend  to  confirm  the  writer's  opinion ;  sand  was  placed  between  two 
Blips  of  glass  on  the  microscope  stage,  and  a  gentle  sliding  movement 
being  given  to  the  upper  slip  by  the  thumb  of  one  hand,  the  rounded 
grains  were  seen  to  fly  asunder  into  sharp  crystalline  forms,  as 
depicted  in  Fig.  9,  Plate  26.  It  is  true  that  only  those  grains  in 
immediate  contact  with  the  rollers  would  be  thus  violently  acted  upon, 
the  rest  forming  a  cushion;  yet  the  former  must  be  a  considerable 
percentage  of  the  whole  quantity.  If  all  the  sand  were  actually  crushed, 
the  result  would  be  the  reverse  of  beneficial,  for  it  would  be  too  fine, 

1  the  fragments  would  form  so  close  and  dense  a  mass  as  to  render 
it  impervious  to  gas. 

Urifugal  Mixer.— Bchutze'ia  centrifugal  mixer,  shown  in  Figs. 
\l  {<>  11.  Plates  28  and  29,  combines  the  advantages  of  all  the  other 
giving  a  considerably  greater  output  of  sand.  The 
particles  of  clay  or  groups  of*  sand  grains  are  so  thoroughly 
disintegrated  and  mixed  with  the  coal  dust  that  the  gas  generated  in 
the  mould  I  round  every  particle  of  sand,  and  so  escape  easily 

I  oably,  i  acli   ideratum  for  a  fine  casting.    Agglomerated 

sand  in  large  Lumps,  too  big  to  pass  through  any  riddle,  comes  out 
of  the  centrifugal  mixer  in  a  fine  powdery  condition  along  with  the 
other  mat<  ently  no  previous  silting  is  required.     In 

oik  the  materials  are  placed  in  layers,  sandwich  fashion, 
on  the  ;  sition  for  being  shovelled  into  the  hopper 
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of  the  machine,  througli  which  they  are  passed  as  fast  as  two  men  can 
shovel  them  in.  The  actual  quantity  thus  mixed  is  at  the  rate  of 
twelve  tons  per  hour,  or  a  ton  in  five  minutes. 

The  action  of  the  machine  will  be  readily  understood.  The 
revolving  table  T,  Plate  28,  is  mounted  on  the  top  of  a  vertical 
spindle  P,  and  carries  on  its  upper  face  a  number  of  vertical  pins 
or  beaters,  fixed  alternately  in  a  series  of  concentric  circles,  Fig.  12. 
The  table  is  driven  by  a  3-inch  belt,  Fig.  14,  Plate  29,  at  the  rate 
of  1,200  revolutions  per  minute.  The  cover  of  the  table  has  a  hinge 
for  turning  it  up  in  order  to  allow  pieces  of  metal  or  other  foreign 
substances  to  be  readily  taken  out,  which  can  be  done  at  any  time  in 
only  a  few  minutes.  Falling  upon  the  centre  of  the  table  from  the 
hopper  above,  the  sand  is  projected  at  a  great  speed  from  one  row  of 
pins  to  the  next,  until  every  part  has  been  combed  out.  Round  tho 
outside  of  the  table  an  india-rubber  shield  S  guides  the  sand  into  a 
circular  heap  after  it  has  been  whirled  from  the  table. 

Moulds  made  with  riddled  sand  and  with  sand  mixed  by  this 
centrifugal  machine — one  half  of  the  mould  being  made  with  each 
kind — certainly  induce  a  preference  for  the  machine  mixing,  after 
examination  of  the  skin  on  the  casting.  Moreover  with  the  machine 
one  man  can  do  the  work  of  several  in  the  preparation  of  the  sand, 
thus  securing  economy  in  time  and  wages. 

This  machine  was  first  seen  by  the  writer  when  in  Germany, 
where  there  are  four  hundred  now  at  work ;  and  lie  was  so  much  struck 
with  its  simplicity  and  efficiency  that  he  ordered  one  for  his  own 
works,  and  found  the  result  of  its  adoption  to  be  a  great  saving  in 
wages  and  better  work.  The  prejudice  however  in  favour  of  existing 
methods  is  so  great  that  few  other  works  in  England  have  as  yet 
ventured  to  adopt  it.  In  response  to  enquiries  concerning  the  cost  of 
mixing  sand  by  hand  labour  and  by  machine,  only  two  firms  out  of 
twenty  applied  to  could  give  any  estimate.  Longer  life  of  the  sand 
is  ensured  by  the  complete  intermixing  of  tho  materials;  the  reason 
for  this  may  be  seen  in  the  protecting  coat  or  shell  shown  in 
Plat  Moreover  a  m<  d  Burlace  must  result  from  the  bet 

that,  while  the  clay  in  the  sand  contracts  under  heat,  tl.<  \nands. 

A  workman's  ready  meth<  d  i  5  the  admixtun  I  dust  i 
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take  a  handful  of  tlie  sand  and  rub  it  briskly  over  his  shovel  handle 
for  a  few  seconds,  whereby  the  coal  on  the  surface  becomes  burnished, 
and  presents  to  the  eye  a  more  or  less  uniform  brightness,  from  which 
quantity  and  equality  may  be  judged. 

Toughness  of  Sand. — In  order  to  test  the  relative  toughness,  sand 
mixed  in  various  ways  was  pressed  under  a  uniform  load  into  bars 
1  inch  square  and  about  12  inches  long,  and  each  bar  was  made  to 
project  further  and  further  over  the  edge  of  a  table  until  its  end 
broke  off  by  its  own  weight.  Old  sand  from  the  shop  floor  had  very 
irregular  cohesion,  breaking  at  all  lengths  of  projection  from  J  inch 
to  lh  inches.  New  sand  in  its  natural  state  held  together  until  an 
overhang  of  2J  inches  was  reached.  A  mixture  of  old  sand,  new 
sand,  and  coal  dust — 

mixed  under  rollers,  broke  at  2  to  2]  inches  of  overhang. 

„     in  the  centrifugal  machine      „      2    „    2£  „ 

„     through  a  riddle  „      1J„    2 J  „ 

showing  as  a  mean  of  the  tests  only  slight  differences  between  the  last 
three  methods,  but  in  favour  of  machine  work.  In  many  instances 
the  fractures  were  most  uneven,  so  that  minute  measurements  wero 
not  taken. 

for  porosity  were  also  made  by  putting  the  various  sands 
into  a  tube,  and  forcing  air  through.  These  however  have  no 
practical  value,  because  the  conditions  when  in  contact  with  molten 
metal  are  quite  different. 

Working    Expenses.-    Although    the    centrifugal    machine    will 

Oil  twelve  tons  per  hour,  it  is  not  assumed  that  this 
quantity    would    be    pa     "1    through    it     continuously;     therefore    a 

mo,  r  only  thirty  tons  per  day   is  taken    in   the 

following  data.     Tht  power  will  of  con  y  with  the  work.    No 

dynamometrical  b  I  been  made  with  the  machine  working  to 

the  pov  1  from  the  belt,  and  a  belt  of 

an    inch  width  running  OH  the  6a  I   pulley  will  suffice.      A  machine  ill 

Deronporl  e-power  when  mixing  two  tons  per 

hour,  or  about  half  the  power  allowed  in  the  following  estimate;—- 
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Mixing  30  tons  per 

day. 

?. 

d. 

One  labourer  fur  9  hours 

. 

1 

0 

3  horse-power  for  9  hours 

1 

H 

Depreciation  10  per  cent,  on  £33   ) 

91 

for  300  working  days  per  year  j 

-2 

Repairs  5  per  cent. 

• 

If 

Int'  :              r  cent. 

day. 

n 

1  pei 

5 

61 

The  cost  per  ton  is  therefore  a  little  more  than  twopence.  Mesf 
Marshall  Sons  and  Co.,  Gainsborough,  have  three  men  employed  on 
one  machine  to  mix  sand  for  150  moulders  and  14  moulding 
machines;  but  eventually  their  system  will  reduce  this  to  one  man's 
work.  Other  firms  find  one  man  working  9  hours  per  day  can  serve 
moulders. 

Equivalent  Hand-Labour,  dc. — The  average  output  in   riddling 

1   treading  sand  is  4  cwts.  per  hour  per  man,  which  with  wa  - 

at  -V.  per  hour  gives   2&  Id.  as  the  cost  per  ton,  or  twelve  times 

more  than   by  the  centrifugal  machine.     As  no  exact  cost  of  mixing 

-and   by  other  systems  at  present  in  use  could  be  ascertained,  no 

allowance  is  made  for  power,  depreciation,  and  repairs;  for  wa 

f  mixing  by  power  riddling  amounts  to  1*.  '-^h  per  ton, 
and  by  rollers  to  1*. 

Durability. — After  two  years1  working  of  the  centrifugal  mixer,  no 
expense  of  any  kind  has  yet  been  incurred  for  repairs.  The  working 
pari  so  few  that  the  cost  of  maintenance  leaves  nothing  to  be 

lesired. 


-' 
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Mr.  Bagshaw  Baid  that  both  at  the  previous  meeting,  from  which 
the  reading  of  the  paper  had  been  adjourned,  and  also  on  the  present 
occasion,  he  was  indebted  to  the  kindness  of  Messrs.  R.  and  J.  Beck 
far  Lending  a  large  number  of  their  microscopes,  under  which  could 
be  examined  specimens  of  moulding  sand  and  of  the  various  ingredients 
composing  it,  in  confirmation  of  the  magnified  illustrations  shown  in 
the  drawings,  Figs.  1  to  9,  Plates  25  and  26.  He  also  showed  a 
collection  of  samples  of  moulding  sand  and  of  the  materials  used; 
and  specimens  both  new  and  worn  of  the  pins  or  beaters  in  the 
centrifugal  mixer. 

Mr.  James  Platt  said  the  custom  had  gone  out  of  fashion  for 
apprentices  to  spend  part  of  their  time  in  the  foundry;  at  any  rati 
it  was  not  so  general  now  as  it  was  forty  years  ago.  All  the  more 
therefore  was  the  paper  an  interesting  one  ;  and  it  was  well  illustrated 
by  the  magnified  drawings  shown  of  the  materials.  Doubtless  many 
would   1>e  surprised  to  see  the  forms  that  moulding  sand 

imed  under  the  microscope  ;  but  on  consideration  it  was  obvious 
that  the  sand  must  be  composed  of  particles  or  grains  of  stone,  coal, 

I  other  ingredients,  to  make  it  cohesive  or  fibrous.  The  riddh 
and  the  rollers  oi  revolving  runners  were  of  course  in  general  use; 
hut  the  centrifugal  mixer  was  not  yet  so  generally  used.     Having 

d  it  at  work  lie  believed  it  was  an  admirable  machine;  it  certainly 

3tonishing   amount    of  work,  and   mixed   the  sand  in 

the  right  way.    The  feel  of  the  sand  so  mixed  was  rery  much  lil« 
the  -ami  mixed  by  treading.     The  effeel  of  the  wear  and  teai 
of  ;  could  be  seen  from  the  specimen  exhibited,  showing  with 

hoi  thrown  aboui  in  the  machine,  which 

much  resembled  Carr's  disintegrator  (Proceeedinga  L872,  page  2H). 

Mr* «  GL  Maib-Rum ley,  Membei  of  Council,  said  thai  formerly 
all  the  riddling  and  mixing  of  moulding  sand  had  been  done  by  hand. 
[{  iras  about  tweli  50  that  a  pair  of  Hetherington's  power 

:  firs!  been  put  up  at  Messrs.  Simpson's 
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works.  After  the  sand  had  beeii  riddled,  there  was  the  question  of 
mixing  it.  It  used  to  be  mixed  by  hand,  until  the  roller-mill  was 
used  ;  but  it  had  been  found  that  the  use  of  the  ordinary  roller-mill 
with  plain  rollers,  employed  for  mixing  loam,  made  the  sand  so  close 
that  the  mould  could  not  be  vented  properly.  Therefore,  instead  of 
rollers  with  a  plain  face,  rollers  with  a  grooved  or  serrated  face  were 
substituted,  the  serrations  extending  about  six  inches  up,  so  that  the 
rollers  then  merely  mixed  the  sand,  instead  of  grinding  it.  It  was 
found  that  one  man  could  attend  to  the  riddle  and  also  throw  into 
the  roller-mill  sufficient  sand  for  thirty  or  forty  moulders,  which  was 
about  the  same  that  could  be  done  with  the  centrifugal  mixer.  The 
reason  he  thought  was  that  the  sand  he  was  using  was  of  a  rather 
different  character,  and  did  not  want  quite  so  much  riddling  and 
mixing  as  that  described  in  the  paper.  In  pages  95  and  96  reference 
bad  been  made  to  dusting  the  mould  with  plumbago.  That  was 
undoubtedly  an  excellent  plan  for  preventing  destruction  of  the 
Band ;  and  another  important  advantage  was  that  the  plumbs 
enabled  the  casting  to  be  fettled  or  cleaned  much  more  readily. 
especially  some  of  the  larger  castings.  If  a  properly  made  wash  of 
plumbago  were  put  on  the  lace  of  the  mould,  it  could  all  be  cleaned 
off  the  casting  with  the  seal),  and  would  leave  a  clean  surface 
underneath.  It  was  astonishing  what  a  difference  there  was  between 
various  sands.  When  visiting  a  foundry  in  America  he  had  seen  the 
making  of  cores  with  a  peculiar  sand,  far  coarser  than  what  was 
here  called  loam  but  what  was  really  coarse  sand.  They  were  small 
cores,  made  of  a  great  length  without  any  wires,  and  a  peculiar  kind 

of  core-gum  was  used,  which  was  much  stronger  than  any  used  here. 

The  sand  grains  were  remarkably  la;  .«•  marly  up  t<»  1-Sth  inch 

diameter,    and   most   of  them  certainly  over    l-16th    imh:  and    they 

were  all  cemented  together  by  the  core-gum.     lie  had  endeavoured 

to  gel  Band  like  it  in  this  country,  but  had  nut  been  able  to  do  b 

Bir.  Benjamin  IJk<>\\.\.  referring  t<>  the  statement  (page  99)  that 
Longer  life  of  th<    sand  was  ensured  by  the  complete  intermixing 
the  material",  asked  whether  it  was  meant  that  more  of  the  old  sand 

could  be  used  in  t'  a .,  how  much  m 
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Mr.  J.  W.  Wilson,  Jin.,  mentioned  that  he  had  visited  Messrs. 

I  nam's    works   at   Dudley  shortly  after   one  of  these  machines 

had    been  introduced  there.     At  that  time  certainly   the  manager, 

Mr.  Houghton,  was  pleased  with  the  working  of  the  machine.     It 

-  stated  in  the  concluding  paragraph  of  the  paper  (page  101)  that 

.  two  years'  working  of  the  centrifugal  mixer  no  expense  of  any 
kind  had  yet  been  incurred  for  repairs.  Mr.  Houghton  however  had 
pointed  out  to  him  that  even  at  that  early  stage  a  number  of  the  pins 
had  commenced  to  wear  rapidly,  and  in  an  irregular  manner.  Some 
of  the  pins  in  the  inner  circles  had  thus  deteriorated  to  a  remarkable 
extent,  and  apparently  without  any  method  as  regarded  their  position  ; 
and  then  perhaps  in  the  next  circle  or  the  next  but  one,  the  pins 
showed  an  equally  remarkable  extent  of  wear  in  quite  a  different 
part  of  the  circumference. 

Mr.  Charles  Cochrane,  Past-President,  being  prevented  from 
attending  the  meeting  as  he  had  intended  to  do,  wrote  that  one  of 
these  niachines  had  been  in  use  for  many  months  past  at  the  Woodside 
Iron  Works,  Dudley,  and  was  giving  unqualified  satisfaction. 

As    to    the   quantity  of  sand   it  is   capable   of  disintegrating,  a 

•  made   there    in  October  last,  in   which   there   was 

1  ;t  mixture  consisting  of:— sand  1*087  ton,  coal  dust  0*119 

:  maki]  tal  of  1*200  ton.     In  six  minutes  the  whole  of  this 

mixture  passed   through   the   machine  in  perfect  condition   for  the 

moulder:  thus  confirming  the  statement  in  page  99  that  the  machine 

can  turn  out  i  ton  in  five  minutes.     Before  the  machine  was  employed, 

taffof  four  men  was  needed  at  ;i  total  cosi  of  LI*.  Sd.  per  day  for 

mixing  by  hand  suificienl  to  supply  about   fifty  moulders;  nor  could 

four  men  meel  the  demand,  and  it  sometimes  happened  that 

me  leave  their  work  and   help  to  mix  their  own  sand. 

the  machine  hac   been   introduced,  al  a  cost  of  St.  per  day  for 

labour,  the  whole  of  the  fifty  moulders  are  now  supplied  ;  and  not 

moulders,  but  the  core-makers  and  workers   in  Loam   are 

1 1 Ii  pulveri  i  I   Loam:  the  newly  ground   Loam,  fresh  and 

■  from  the  loam  mill,  is  superficially  dried  in  a  stove,  mixed  with 

a  pi  I  thro        '   '    machine,  with  saving  oi 
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time  and  improvement  in  the  character  of  the  work.  The  machine 
has  been  sufficiently  long  at  work  to  show  that  the  working  expenses 
must  indeed  be  insignificant. 

On  the  other  hand  there  is  no  prospect  of  the  wrought-iron  pins 
of  the  centrifugal  mixer  lasting  the  two  years  referred  to  under  the 
head  of  durability  in  page  101.     These  wrought-iron  pins    stand  2  J 
inches  above  the  disc,  and  are  f  inch  diameter ;  some  of  them   are 
reduced  to  half  their  original   diameter  in  three  weeks  at  half-day 
work.     There  is  something  curious  about  the  irregularity  of  their 
wear  and  tear,  as  illustrated  in  Fig.   15,   Plate  29.     It  will   here 
be  noticed  that  they  are  not  arranged  strictly  as  described  in  page  99, 
"  alternately  in  a  series  of  concentric  circles."     The  concentric  circles 
are  there,  it  is  true ;  but  with  the  exception  of  four  radial  lines  of 
pins  or  beaters,  dividing  the  disc  into  four  quadrants,  no  law  can  be 
traced  in  the  spacing  of  the  studs  filling  up  the  concentric  rings  of 
each   qnadrantal  segment.      In  the  third,  fourth,  and  fifth  exterior 
circles  it  will  be  noticed  there  are  fourteen  pins  shown  black,  which 
are  much  undercut  after  three  weeks'  wear,  as  shown  in  Fig.  1G  ; 
the  wear  takes  place  on  the  face  fronting  the  direction  of  motion  in 
the  circle  of  revolution.     In  the  same  three  circles  seventeen  beat 
marked  with  a  cross  +  exhibit  moderate  wear  ;  whilst  the  whole  of  the 
remaining  pins  show  no  wear  of  any  notice.    Obviously  it  must  be  an 
undue  proportion  of  sand  impinging  on  the  worn  pins  of  the  three  outer 
lings  which  occasions  their  extra  wear  ;  but  why  the  special  currents 
should  take  special  directions  in  these  cases,  the  writer  confesses  he 
is  unable  at  present  to  explain.     All  he  desires  to  indicate  is  that  a 
hap-hazard   arrangement  of  the  pins    must  inevitably  lead  to  such 
irregularities  ;  and  that  by  a  scientific  study  and  arrangement  of  the 
beaters  this   slightly  objectionable   feature   in   the  machine   may  be 
removed,  and  the   durability  of  the  pins  rendered  uniform  over  the 
entire  disc,  and  the  machine  made  more  efficient.     It  will  probably 
have  occurred  to  the  anther  of  the  paper  to  substitute  steel  pins  for 

mght-iron,  as  a  further  Btep  towards  prolonging  their  life. 

One  other  tion   the  writer  would   offer,  to  prevent  accident. 

The  attendant  has  no  .  f  stopping  the  machine  promptly.  \\ ; 

Iring   to   cleanse   it,  or   to  cleanse  the  lid  when  thrown  hack.      In 


106  MOULDING    SAND.  JAH.  1891. 

(Mr.  Charles  Cochrane.) 

the  former  case  lie  is  obliged  to  wait  till  the  machine  stops ;  in  the 
latter  ho  proceeds  to  cleanse  the  lid,  whilst  the  disc  is  revolving  at 
diminishing  speed  beneath  his  hands  and  arms.  Were  he  to  trip  or 
meet  with  any  trifling  accident  which  should  throw  either  or  both  of 
hifl  hands  on  to  the  revolving  disc  of  beaters,  his  fingers  must  be 
fearfully  crushed  and  broken.  A  light  brake  would  meet  this 
drawback  to  the  high  merits  of  a  machine,  than  which  the  writer  does 
not  know  a  more  useful  one  to  have  been  introduced  to  a  founder's 
notice  for  many  years  past. 

Mr.  Bag  shaw  said  Mr.  Cochrane's  letter  was  highly  gratifying 
to  him,  for  he  had  been  a  little  afraid  of  over-stating  the  merits  of 
the  machine ;  and  he  was  glad  to  find  he  had  not  done  so.  With 
reference  to  the  undercutting  of  the  pins,  the  specimen  shown  of  a 
worn  pin  had  been  taken  from  the  machine  at  his  own  works  which 
Lad  been  in  operation  for  three  years  ;  he  had  not  been  able  to 
find  a  worse  sample  than  this,  and  it  would  be  seen  how  slight  the 
wear  was.  From  enquiries  which  he  had  made  at  several  places 
where  the  machines  were  in  operation,  he  had  not  learnt  that  the 
pins  had  been  undercut  to  anything  like  the  extent  experienced  by 
Mr.  Cochrane. 

In  regard  to  the  suggestion  of  adding  a  brake  (page  10G)  he  had 

ed  the  man  who  minded  the  machine  at  his  own  works  whether  a 

brake    would   be   of  any  advantage;  and  he  had  told   him   that   on 

ping  the  machine  suddenly  the  belt  always  flew  off,  so  that  he 

to  work  the  machine  without  a  brake.     It  was  simply  a 

•jiiion.     No  attempt  was  made  I  the  machine 

until    '  try. 

With  regard  to  the  longer  life  of  the  old  sand  (page  LOS),  all  ho 

in   the  paper  (page  99)  was  that  the  floor-sand  was 

Idom  when  mixed  by  the  centrifugal  machine  than 

i  in  the  ordinary  way. 

In  e  he  had  heard  a  I         i  mployer  of  labour  argue 

-  ry  labour-saving  appliance,  every  fuel 

anoe  Cox  effi  cting  economy,  he 

able,  lug  to   the  representations  made  of  their 
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several  advantages,  to  carry  on  his  works  for  nothing ;  and  therefore 
he  did  not  care  to  enquire  into  the  merits  of  the  centrifugal  mixer 
or  any  other  machine.  Facts  however  spoke  for  themselves;  and 
without  wishing  to  over-rate  the  value  of  this  machine,  he  thought 
the  economy  it  effected  in  wages  was  so  great  as  to  render  it  deserving 
of  careful  consideration. 

The  President  said  this  paper  was  of  an  interesting  and  practical 
character.  Any  idea  of  adopting  improvements  to  the  extent  of 
saving  everything  was  of  course  radically  absurd ;  but  he  thought 
there  was  undoubtedly  a  great  advantage  in  the  centrifugal  mixer 
now  described,  which  as  already  pointed  out  was  on  the  same 
principle  as  Carr's  disintegrator.  If  the  sand  could  thereby  be 
brought  to  a  uniform  texture  for  the  foundry,  that  was  no  doubt  a 
condition  conducive  to  successful  moulding.  It  seemed  to  him  that 
this  machine  had  the  merit  of  going  in  the  right  direction  for 
accomplishing  that  object ;  and  he  hoped  the  matter  would  be  taken 
11  p  by  ironfounders  generally.  He  proposed  a  vote  of  thanks  to 
Mr.  Bagshaw  for  his  paper. 
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Basic     SieeL    Furnace    with    Reversing  Regenerators    a  hove    (/round . 
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Heating    Furnace      with     Regenerators    above    grounds. 
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-<►- 


PROCEEDINGS. 


Makch  1891. 


The  earlier  Spring  Meeting  of  the  Institution  was  held  in  the 
rooms  of  the  Institution  of  Civil  Engineers,  London,  on  Thursday, 
19th  March  1891,  at  Half-past  Seven  o'clock  p.m.  ;  Joseph 
Tomldsson,  Esq.,  President,  in  the  chair. 

The  Minutes  of  the  previous  Meeting  were  read,  approved,  and 
signed  by  the  President. 

The  following  Paper  was  then  read  and  discussed : — 

"  Fourth  Report  of  the  Research  Committee  on  Friction :  Experiments 
on  the  Friction  of  a  Pivot  Bearing." 

The  following  Paper  was  read,  and  the  Discussion  upon  it  was 
adjourned  to  the  following  evening  : — 

11  On  recent   Trials  of  Rock  Drills  ;"    by  Mr.  Edward  H.  Carbutt, 
Past-President,  and  Mr.  Henry  Davey,  of  London. 

Shortly  before  Ten  o'clock  the  Meeting  was  adjourned  to  the 
following    evening.      The    attendance   waa    52   Members   and    82 

Visiters. 
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The  Adjourned  Meeting  was  held  at  the  Institution  of  Civil 
Engineers,  London,  on  Friday,  20th  March  1891,  at  Half-past  Seven 
o'clock  p.ni. ;  Joseph  Tomlinson,  Esq.,  President,  in  the  chair. 

The  Paper  on  recent  Trials  of  Rock  Drills,  read  on  the  previous 
evening,  was  discussed. 


On  the  motion  of  the  President  a  vote  of  thanks  was  unanimously 
passed  to  the  Institution  of  Civil  Engineers,  for  their  kindness  in 
granting  the  use  of  their  rooms  for  the  Meeting  of  this  Institution. 

The  Meeting  then  terminated  at  a  Quarter  past  Nine  o'clock. 
The  attendance  was  30  Members  and  37  Visitors. 
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FOUKTH  REPORT  OF  THE 
RESEARCH  COMMITTEE  ON  FRICTION. 

Experiments  on  the  Friction  of  a  Pivot  Bearing. 

The  experiments  on  the  Friction  of  a  Footstep  Bearing,  which 
form  the  subject  of  the  present  report,  were  tried  in  July  1890  at 
Messrs.  Simpson  and  Co.'s  works,  Pimlico. 

Description  of  the  Apparatus. — The  apparatus  employed  in  these 
experiments  is  shown  in  Figs.  1  to  6,  Plates  30  and  31.  The  bearing 
experimented  on  was  flat  ended  and  3  inches  diameter,  Fig.  5.  Tho 
vertical  shaft  carrying  the  footstep  F  was  geared  to  a  horizontal 
shaft,  Fig.  1,  which  was  driven  by  a  belt  from  the  shafting  of  the 
works.  Variations  of  speed  were  obtained  by  keying  pulleys  of 
various  diameters  on  the  horizontal  shaft.  The  bearing  B  was 
pressed  upwards  against  the  footstep  by  an  oil  press  P  with  a  plunger 
6  inches  diameter.  This  plunger  was  made  a  good  but  perfectly  freo 
fit  in  its  cylinder  fur  a  length  of  9  inches,  a  number  of  grooves  being 
turned  in  the  cylinder  throughout  its  whole  length  at  close  intervals. 
The  pressure  was  applied  by  means  of  a  small  hand-pump,  provided 
with  an  air-vessel,  pumping  oil  out  of  a  tank  into  the  press.  It  was 
found  that  the  leakage  of  the  oil  past  the  plunger,  even  with  tho 
highest  pressures,  \\;t-  exceedingly  slow,  requiring  only  an  occasional 
stroke  of  the  pump  to  keep  the  pressure  constant ;  and  at  the  same 
time  the  friction  was  practically  nil.     Into  the  top  of  the  plunger  was 

let  a  piece  of  hard  Bteel,  Pigs,  ■>  and  »'>.  haying  a  conical  depression  or 

centre    pop,   wherein   rested    ;i   hard   Bteel   conical   centre,   which    was 

screwed  into  the  underside  of  the  plate  L  that  carried  the  bearing. 
This  plate  was   circular,   Fig.   4,   and    had    a  groove   turned    in    its 

For  previous  Kc^urta  see  Proceedings  1883,  p.  68S  :  1880,  p.  68;  aiid  L888,  p.  IT:: 
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periphery ;  a  small  chain  C  was  fastened  to  the  plate  and  lay  in  tlio 
groove  round  a  portion  of  the  circumference,  from  whence  it  led  off  to 
a  spring-balance  attached  to  the  fixed  frame  of  the  apparatus  :  so  that 
the  rotation  of  the  plate  stretched  the  spring-balance,  and  the  force 
tending  to  turn  the  plate  was  thereby  indicated.  The  upper  end  of 
the  vertical  shaft  that  carried  the  footstep  F  had  a  piston  T  fixed  on 
it,  Fig.  3,  which  revolved  in  a  cylinder  6  inches  diameter.  This 
upper  cylinder  was  connected  by  a  pipe  with  the  cylinder  of  the 
lower  press  P,  Fig.  1,  so  that,  whatever  oil-pressure  there  was  in  the 
lower  cylinder  pressing  the  bearing  upwards,  there  was  the  same  in 
the  upper  cylinder  pressing  the  footstep  downwards.  This  was  a 
convenient  way  of  providing  for  taking  the  upward  thrust  upon  the 
experimental  bearing. 

The  footstep  having  been  set  running  at  the  desired  speed,  the 
hand-pump  was  worked  until  the  pressure  gauge  on  the  oil  press  P 
indicated  the  desired  pressure ;  and  the  friction  was  then  read  off 
the  spring-balance  connected  with  the  bearing  plate  L.  The  load 
could  be  quickly  removed  from  the  bearing  by  opening  a  cock  for 
discharging  the  oil  from  the  air-vessel  of  the  pump.  This  method  of 
applying  the  load  was  found  to  be  exceedingly  convenient,  and  to  be 
much  superior  in  that  respect  to  any  of  the  methods  used  for  this 
purpose  in  the  former  experiments  made  by  the  Committee. 

Lubrication. — The  first  method  of  lubrication  tried  was  by 
introducing  the  oil  through  a  hole  in  the  centre  of  the  bearing, 
Figs.  8  to  5,  Plate  31,  and  distributing  it  through  two  radial  grooves 
extending  from  the  central  hole  to  within  1-lGth  inch  of  the 
riphery  of  the  bearing  surface;  these  two  radial  grooves  were 
opposite  each  other,  so  that  they  hiy  on  the  same  diameter.  A  i>ipo  U 
im<l  ■  i  drilled  in  the  brass  connected  an  ordinary  lubricator 

with   the  central  hole.      When  the  experiments  were  started,  it  was 
found  thai  the  bearing  took  oil  out  of  the  Lubricator  pipe  very  fast, 
and  delivered  it  out  at  the  top  of  the  bearing.    This  suggested  the 
A  of  the  Lubricator,  and  the  soldering  of  a  piece  of  sheet  brass  »S 

md  the  top  of  the  hearing,  Figs.  8  and  5,  so  as  to  collect  the  oil  and 

,  it  by  means  of  a  small  overflow  pipe  V  into  the  lubricating  pipe. 
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There  was  a  sufficient  space  between  these  pipes  to  allow  the  dripping 
of  the  oil  to  be  seen,  so  that  the  quantity  passing  could  thereby  be 
estimated.  Thus  the  bearing  proved  to  be  a  most  efficient  pump, 
causing  a  rapid  circulation  of  oil  through  itself.  At  first,  before  the 
surfaces  were  worn  down  to  a  proper  bearing,  the  oil  was  observed 
to  be  dirty,  and  charged  with  particles  of  brass ;  as  long  as  this 
continued,  the  oil  was  diverted  from  the  overflow  pipe,  and  run  to 
waste,  while  fresh  clean  oil  was  supplied  to  the  lubricating  pipe. 
"When  after  running  a  few  hours  the  oil  from  the  overflow  pipe  was 
observed  to  be  clean,  it  was  turned  into  the  lubricating  pipe,  and  the 
bearing  was  then  self-lubricating,  and  continued  using  the  same  oil 
over  and  over  again. 

Besulis  of  the  Experiments. — The  arrangement  for  lubrication 
above  described,  with  two  radial  grooves  in  a  flat  bearing  of 
manganese  bronze  with  a  steel  footstep,  was  first  tried  at  50,  128. 
194,  '2(J0,  and  353  revolutions  per  minute,  as  shown  in  Table  XVI 
(page  1 J  1),  and  in  the  diagram,  Fig.  7,  Plate  32,  in  which  the  load  is 
given  in  lbs.  per  square  inch  of  bearing  surface,  and  the  friction  is  in 
inch-lbs.  The  coefficient  of  friction  is  obtained  by  dividing  the  friction 
in  inch-lbs.  by  the  product  of  the  load  multiplied  by  the  area  of  the 

ring.  The  radius  of  one  inch  is  taken  because  it  is  two-thirds  of 
the  radius  of  the  bearing.  If  the  flat  disc  of  bearing  surface  be 
imagined  to  be  made  up  of  a  great  number  of  sectors  or  triangles 
radiating  from  the  centre  of  the  circle,  the  centre  of  area  of  any  one 
of  these  triangles  or  *  is  at  two-thirds  of  the  distance  from  the 

apei  or  centre  to  th<  or  circumference.    Supposing  any  one  of 

these  trial  i  be  pulled  along  in  a  Btraight  line  over  a  plane 

surface,  the  line  of  force  pulling  it  would  jmss  through  its  centre  of 

i.  because  it  must  be  assumed  that  the  friction  per  unit  of  surface 
te  in  all  parts  of  the  area  of  the  triangle.  It  therefore 
onable  to  take  two-thirds  <>f  the  radius  <>f  the  bearing  as 
the  radios  at  which  the  force  of  friction  acts,  for  the  purpose  of 
calculating  a  coefficient  of  friction  which  will  serve  as  ■  comparison 
between  this  and  the  other  forms  of  bearings  tried  in  previous 
experiments.     Of  OOUrse   this   view  implies    the  assumption  that  tho 


TABLE  XVI. — Experiments  on  the  Friction  of  a  Pivot  Bearing. 
Steel  Footstep  on  Manganese-Bronze  Bearing. 

Tit*  Friction  given  i»  that  of  one  face  of  the  flat  circular  bearing  surfaces, 
<it  the  effective  radius  of  the  face,  namely  one  inch. 


Speed. 

Load. 

Oil  Drops 
per  minute 

Friction. 
Total.           Coefficient. 

Lbs.  per  sq.  in. 

Inch-lbs. 

20 

20 

2- 

77 

0- 

0196 

50 

40 

26 

4- 

61 

0- 

0147 

revolutions 

GO 

4a 

7- 

07 

o- 

0167 

per 

minute. 

80 

50 

10- 

25 

o- 

0181 

100 

54 

15- 

48 

o- 

0219 

120 

20 

56 

79 

18- 

72 

o- 

0221 

1- 

13 

0- 

0080 

40 

82 

1- 

54 

o- 

0054 

60 

80 

2- 

26 

o- 

0053 

128 

80 

83 

3- 

59 

0- 

0063 

revolutions 

100 

98 

5- 

48 

o- 

0077 

per 

120 

84^ 

7- 

02 

o- 

0083 

minute. 

140 

90 

9« 

23 

0- 

0093 

160 

84 

12- 

82 

0« 

0113 

260 

heated     and    seized 

300 
20 

do. 

do. 

196 

1 

44 

0 

0102 

40 

stream 

1 

•74 

0 

0061 

194 

60 

200 

2 

15 

0 

•0051 

"lutions 

80 

200 

2 

■56 

0 

•0045 

per 

100 

200 

3 

■13 

0 

■0044 

minute. 

120 

168 

4 

•41 

0 

•0052 

140 

1 58 

6 

■10 

0 

•0062 

L60 

168 
1 

7 

•69 

0 

■0068 

20 

2 

•51 

0 

•017S 

40 

. 

3 

•03 

0 

•0107 

lutioiiH 

60 

80 

1        9  9 

8 
8 

•33 

0 
0 

•0078 
•0064 

100 

11       \ 

3 

•  95 

0 

•0056 

Uiiniitf-. 

120 

C           1 

4 

•lo 

0 

•0048 

140 

>                    \ 

4 

•51 

0 

•0046 

160 

200 

1 

5 

2 

•03 
•86 

0 

•0014 

20 

0 

•0107 

40 

2 

•72 

0 

•0096 

60 

■ 

•  > 

•  > 

•08 

0 

•007:: 

...).) 

80 

1  3 

<> 

O 

•69 

0 

•  0063 

minute. 

L00 

120 

-  ■ 

3 

4 

4 

•00 

•51 

0 

0 

•0057 
•005:; 

140 

6 

•28 

0 

•oor,:; 

160 

6*16 
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pressure  is  uniform  over  the  entire  surface,  and  that  the  friction  is 
independent  of  the  velocity. 


After  these  experiments  with  the  steel  footstep  on  manganese 
bronze,  a  white-metal  bearing  surface  was  substituted  for  the 
manganese  bronze,  the  methods  of  grooving  and  lubrication  being 
kept  the  same.  A  set  of  experiments  were  taken  at  128  revolutions 
per  minute,  the  results  of  which  are  shown  in  Table  XVII, 
and  in  the  diagram,  Fig.  7,  Plate  32.  It  will  be  seen  that  the 
coefficient  of  friction  is  a  little  larger  with  the  white  metal  than  with 
the  manganese  bronze,  but  the  difference  is  so  small  that  the  results 
may  be  looked  upon  as  practically  identical ;  for  when  the  friction  is 
mainly  between  oil  and  metal,  it  should  be  independent  of  the  nature 
of  the  metal.  Probably  the  white-metal  bearing  was  tried  before  it 
was  worn  down  to  quite  as  true  a  surface  as  the  manganese  bronze. 

TABLE  XVII. — Experiments  on  the  Friction  of  a  Pivot  Bearing. 
Steel  Footstep  on  White-Metal  Bearing. 

Tlit  Friction  given  is  that  of  one  face  of  the  flat  circular  bearing  surfaces, 
at  the  effective  radius  of  the  face,  namely  one  inch. 


Speed 

Load. 

Oil  Drops 
l'ir  minute. 

Fric 
Total. 

noN. 
Coefficient. 

Lbapersq.  in. 

Inch-11 

20 

GO  to  70 

1-23 

0-0087 

40 

5) 

1-95 

0-00G9 

128 

60 

55 

2-92 

0-0069 

A  \ i.l ut ions 

80 

J) 

4-36 

0-0077 

pez 

100 

55 

6-15 

0-0087 

minute. 

120 

55 

8-77 

0-0103 

1  1" 

55 

10-25 

o-iH04 

160 

55 

12'56 

0-0111 

240 

heated     and     raized 

Aii  examination  of  the  tables  and  of  the  diagram,  Fig.  7,  shows 
that  at  the  higher  speeds  the  coefficient  of  friction  is  less,  owing  t<> 

the  more  perfect  lubrication.  a>  shown  by  the  more  rapid  circulation 
of  the  oil.  That  the  lubrication  and  condition  of  the  surfaces  were 
fairly  perfect  is  shown  by  the  low  coefficient  of  friction,  which  at  the 
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higher  speeds  with  medium  loads  was  in  several  cases  under  0*0050 
or  l-200th. 

After  the  completion  of  these  experiments,  the  manganese-bronze 
and  the  white-metal  bearings  were  tested  for  endurance  at  128 
revolutions  per  minute.  The  manganese-bronze  bearing  heated  and 
seized  on  one  occasion  with  a  load  of  260  lbs.,  and  on  another 
occasion  with  300  lbs.  per  square  inch.  The  white-metal  bearing 
under  similar  conditions  heated  and  seized  with  a  load  of  240  lbs.  per 
square  inch. 

Besides  the  experiments  of  which  the  results  are  here  given, 
the  steel  footstep  on  manganese  bronze  was  varied  by  lubricating 
with  three  and  with  four  radial  grooves ;  but  the  friction  was  from 
one  and  a  half  times  to  twice  as  great  as  with  only  the  two  grooves. 
This  fact  was  carefully  ascertained ;  and  the  plan  shown  in  Fig.  4, 
Plate  31,  of  two  opposite  radial  grooves — or,  as  they  may  be  called, 
a  single  diametrical  groove — was  adopted  for  experiment  as  being 
decidedly  the  best. 

General  Conclusions. — These  experiments  show  conclusively  that 
a  bearing  of  this  character  is  capable  of  very  perfect  automatic 
lubrication,  if  provision  is  made  for  allowing  the  oil  which  overflows 
at  the  top  of  the  brass  to  find  its  way  back  to  the  bearing  surface  at 
the  bottom.  Also  that  a  single  diametrical  groove  is  better  than  any 
other  plan.  The  perfection  of  the  lubrication  by  this  arrangement  is 
proved  by  the  low  cocflicient,  which  more  nearly  approaches  the  low 
values  obtained  in  the  first  experiments,  on  a  cylindrical  journal 
running  in  un  oil  bath,  than  any  since  obtained. 


Discussion. 


The    Steel    footstep    used    in    the    experiments    was    exhibited, 

frith   the  flat  bearing  of  manganese  bronze  on  which  it  ran, 

hating   two  radial   grooves  and   lubricating  pipe  and  overflow  pipe. 
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It  was  mentioned  that  the  members  of  the  Committee  by  whom  these 
experiments  on  pivot  friction  had  been  conducted  were  the  President 
and  Mr.  Mair-Runiley,  in  conjunction  with  Mr.  Beauchamp  Tower. 

Mr.  J.  Hartley  Wicksteed,  Member  of  Council,  said  the 
machine  used  for  these  experiments  appeared  to  him  to  be  most 
admirably  contrived ;  and  he  was  glad  to  know  that  it  was  still  in 
existence,  and  that  some  further  experiments  might  still  be  made 
with  it.  An  interesting  feature  in  its  construction  was  the  hydraulic 
pivot  at  the  bottom,  consisting  of  a  cylindrical  ram  without  any 
hydraulic  packings ;  this  being  made  a  free  fit  in  the  cylinder,  in 
which  a  number  of  circular  grooves  were  turned  at  close  intervals, 
was  said  to  be  almost  oil-tight.  The  bulk  of  these  experiments 
appeared  to  have  been  carried  on  up  to  the  pressure  of  160  lbs.  per 
square  inch  on  the  footstep ;  but  as  the  area  of  the  footstep 
experimented  upon  was  only  one-fourth  of  the  area  of  the  hydraulic 
ram,  the  liquid  pressure  under  the  ram  he  imagined  would  be  not 
more  than  about  40  lbs.  per  square  inch  throughout  the  bulk  of  the 
experiments.  That  of  course  was  not  a  severe  pressure ;  it  tested 
the  feasibility  of  this  arrangement  for  keeping  a  joint  oil-tight  up 
to  the  extent  of  -10  lbs.  only.  Some  of  the  experiments  appeared  to 
have  gone  up  to  210  and  2G0  and  300  lbs.  per  square  inch  on  the 
footstej),  which  would  bring  the  pressure  on  the  hydraulic  ram  up  to 
about  GO  and  65  Mid  75  lbs.  The  first  question  he  should  like  to  ask 
was  whether  the  passage  of  the  oil  increased  to  any  noticeable  extent 
when  these  higher  pressures  were  readied:  whether  the  How  of  oil 
that  escaped  past  the  bailie  grooves  in  the  cylinder  was  notably  more 
under  75  Lbs.  pressure  than  it  was  under  40  lbs.  pressure.  He  should 
expect  a  pressure  would  pretty  soon  b  ted  at  which  the  passage  of 

oil  would    be  Copious;  and   it   would   be   interesting   to  know  up  to 
what   pressure    such  a  device  as  the  gTOOYOS  in  the  cylinder  might  bo 

ed  without  losing  a  large  quantity  of  liquid.  In  the  discussion 
upon  the  previous  report  on  oollai  friction  (Proceedings  L888,  page 
184  and  Plate  30)  a  drawing  had  been  Bupplied  by  Mr,  Ford  Smith 

of  a   footstep   bearing  which   was   similar  in   principle   to   that   now 
tried   l»y   the    Committee:  that   is,  it   was   surrounded   by   a   chamber 
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which  returned  the  oil  to  the  central  feeding-hole  at  the  bottom,  and 
the  oil  circulated  freely  round  the  pivot,  and  was  constantly  coming 
cut  at  the  top  and  entering  again  at  the  bottom.     But  in  that  case 
the  weight  of  the  shaft  which  rested  upon  the  footstep  bearing  had 
been  stated  to  give  a  pressure  on  the  footstep  bearing  amounting  to 
as  much  as  455  lbs.  per  square  inch.     From  the  present  report  it 
appeared  that  the  bearing  now  tried  had  seized  at  240  lbs.  per  square 
inch  ;  and  there  was  no  record  of  what  had  happened  in  the  interval 
between  1G0  lbs.  and  240  lbs.    He  presumed  therefore  that  240  lbs. 
was  the  first  point  at  which  seizing  had  been  noticed,  and  that  the 
intermediate  pressures   if   they  had  been  noted  would  simply  have 
carried  on  the  curve  in  the  diagram,  Fig.  7,  Plate  32,  in  something  of 
an  even  line,  and  that  consequently  it  was  not  necessary  to  record 
the  coefficients  for  the  intermediate  pressures.     At  any  rate  he  was 
glad  that  the  point  where  the  seizing  took  place  had  been  recorded. 
Bat  were  the  resources  of  engineers  exhausted  when  the  pressure  of 
240  lbs.  per  square  inch  was  reached  on  a  footstep  bearing?   In  the 
instance  given  by  Mr.  Ford  Smith,  there  were  four  loose  revolving 
discs  of  hardened  steel,  inserted  in  the  footstep  bearing  and  truly 
ground  up  ;  and  if  by  the  device  of  putting  in  four  such  discs,  or  a 
larg<  r  Bnoceesion  of  them,  one  on  the  top  of  another,  the  pressure  on 
the  thrust  bearing  might    be    so  far  increased  as  appeared    to   bo 
tin   ease  in  Mr.  Ford  Smith's  recorded  experiments,  it  seemed  highly 
important  that  this  should  be  ascertained  with  precision.     If  it  had 
not  jet  been  exhaustively  tried,  he  suggested  that  it  might  still  bo 
d    the   existing  apparatus,  which  was  now  in  the  hands  of 
I  Beare,  at    University  College,  London,    It  seemed  pretty 

I  be  :m  element  in  the  seizing  of  bearings;  and 
although  the  dealt  with  in  these  experiments  were  not  high, 

it  appeared  to  him   thai  if"  by  means  of  a  number  of  loose  discs 

it  was,  were  reduced  much   lower   still,  the 

f   the    friction    would    be  materially  altered   thereby. 

hi    report   on   collar  friction   (1888,  page  178)  it 

•M  .  ;',;it  the  collar  bi  gan  to  seize  at  something  over  HO  lbs.  per 

square  inch,     ll<  bed  then  mentioned  (pege  L90)  an  example,  which 

thought  wai    pretty  well  ascertained,  of  the  thrust  collar  of  a 
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drilling- machine  spindle,  which  worked  constantly  at  a  pressure  of 
about  336  lbs.  per  square  inch,  or  four  times  as  much  as  the  collar 
experimented  upon  by  the  Friction  Committee.     It  worked  however 
at  a  slower  speed,  and  there  was   also  the  further  difference  that, 
instead  of  being  a  washer  with  no  stem  to  it,  it  was  a  collar  upon  a 
shaft  which  had  a  stem ;  the  lubricant  was  fed  from  the  centre,  and 
had  the  opportunity  of   flying  outwards    from   the    collar,  but   no 
opportunity  of  escaping  inwards.      That  was  a  material  difference, 
apart  from  the  difference   of  speed.     There  must   be   instances,  he 
thought,  of  pivots  working  at  slow  speeds,  which  stood  much  higher 
pressures    without    seizing     than    would     be     expected    from   the 
experiments  now  recorded.     For  instance,  a  forging  weighing  twenty 
tons  was  a  common  piece  of  work  to  be  centred  in  a  large  lathe  ;  and 
there  must  then  be  ten  tons  resting  upon  each  of  the  lathe-centres. 
The  fast    head-centre  went    round  with    the    shaft,  but    the  loose 
head-centre   was   stationary ;    and   the   piece   of    work,   which    was 
presumably  of  a  softer  material    than    the    hardened  point   of  the 
loose  centre,  was  revolving  upon  it.     The  horizontal  sectional  area  of 
the  portion  of  the  loose  centre  that  penetrated  the  work  and  carried  the 
load  of  ten  tons  was  not  much  more  he  thought  than  one  square  inch. 
It  was  true  the  speed  was  very  slow,  in  all  probability  not  more  than 
half  a  foot  or  perhaps  a  foot  in  a  minute  ;  but  still  there  was  the  fact 
of  ten  tons  beiug  supported  and  lubricated  sufficiently  for  the  metals 
not  to  seize  each  other,  under  a  pressure,  he  supposed,  of  as  much  as 
ten  tons  per  square  inch.     Unless  therefore  some  answer  could  be 
given  to  his  remarks,  he  hoped  that  some  further  experiments  would 
be  made  with  the  apparatus,  in  respect  to  the  effect  both  of  loose 
discs,   and  possibly  of  some  kind  of   curved    end  for   the  footstep, 
instead  of  the  flat  end ;  and  also  to  show  how  much  pressure  could 
be  carried  at  very  slow  speeds. 

ZMr.  J.  Vkitcii  Wilson,  having  himself  tried  at  different  times  in 
a  crude  way  to  determine  some  of  the  questions  regarding  friction 
which  wero  now  being  dealt  with  by  the  Research  Committee  <>i 
the  Institution,  had  been  looking  over  with  much  interest  the  reports 
of  their  previeus  experiments,  in  one  of  which  he  observed  notice  had 
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been  taken  of  tho  fact  that  the  temperature  of  the  bearing  had  much  to 
do  with  the  coefficient  of  friction,  and  that  the  latter  diminished  as 
the  temperature  rose.  Ho  therefore  enquired  at  what  temperature 
the  present  experiments  had  been  conducted,  whether  at  one  uniform 

;perature ;  and  whether,  if  one  uniform  temperature  was  assumed, 
some  means  had  been  provided  for  ascertaining  and  noting  that  that 
temperature  was  not  exceeded :  because  it  seemed  to  him  that,  with  the 
varying  speeds  at  which  these  experiments  had  been  tried,  the  probable 

-epience  of  variation  in  speed  would  be  that  a  considerable  difference 
in  temperature  would  be  developed  in  the  bearing  in  a  short  time. 
And  the  effect  of  an  increasing  temperature  in  the  bearing  would  be 

limini.-h  the  thickness  or  body  of  the  oil,  that  is  its  viscosity,  and 

t  .  reduce  the  drag  and  thereby  to  reduce  the  coefficient  of  friction. 

:ng  to  the  Committee's  first   report  in  1883,  this  conclusion 

i  [amplified  by  Table  IX  (page  651)  giving  experiments  tried 

with     lard    oil    at    different    temperatures.       At    90°    Fahr.    and 

at  l<ii)   revolutions   per   minute   under  a   pressure  of    100  lbs.    per 

square  inch,  lard  oil  gave  a  coefficient  of  friction  of  0-0034.     But 

when  the  temperature  of  the  bearing  was  permitted  to  rise  to  120°, 

the  other  eruditions  remaining  the  same,  the  coefficient  of  friction 

ran  down  to  0-0024,  which  from  Table  IV  (page  64G)  was  seen  to  be 

almost  the  same  coefficient  of  friction  as  that  produced  by  sperm 

oil  at   I        Fahr.,  under   similar   conditions  of  speed  and  pressure, 

«     '  025.     This  fact   had   led   him    to  look  up  a  few   tests 

whi  made  With    regard   to   the  viseosity  of  oil  at   different 

ting  the  viscosity  according  to  a  scale  upon 

which   the    figures    were    merely    arbitrary    for    the    purpose    of 

i    bad   found  that,  while  sperm  oil  at  60°  Fahr.  had  a 

by  50,    its    viscosity  at    70    had   diminished   to 

L20   it  had  inn  down  to  80.     From  these  figures  therefore 

thought  it  was  not  unfair  to  assume  that  at  90      the  temperature 

at  which  the  Commiti  eriments  just  quoted  had  been  tried — 

im  oil  would  be  somewhere  about  40,  perhaps  a 

little  under.     L     I  oil   under  the  same  tost  and  according  to  the 

at  60   i  itycf  LOO,  at  70    its  viscosity  had 

at  L20°it  had  run  down  to  89  \  that  is  to  say, 
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the  viscosity  of  lard  oil  at  120°,  at  which  it  gave  a  coefficient  of 

friction  of  0  ■  0024,  was  probably  about  the  same  as  that  of  sperm  oil 

at  90°,  at  which  sperm  oil   gave  practically  the  same  coefficient  of 

0*0025.     Thus  the  Committee's   experiments   on   friction   and   his 

own  on  viscosity  appeared  to  be  mutually  consistent  in  the  results 

independently  arrived  at.     In  view  therefore   of   the    circumstance 

that  the  effect  of  friction  was  to  produce  heat,  and  that  the  effect  of 

heat  was  to  reduce  the  coefficient  of  friction,  the  question  naturally 

arose  whether  the  expenditure  of  power   necessary  to  increase  the 

heat   of    the   bearing   was    fully    compensated    for    by    the    lower 

coefficient  of  friction  thence  resulting,  or  whether  there  was  still  an 

excess   of   power   expended  in   producing   the   higher    temperature. 

This  was  a  question  which  he  had  frequently  put  to  engineers,  and 

it  seemed  to  him  to  be  a  leading  point  in  connection  with  experiments 

upon  friction  of  bearings. 

Professor  Alexander  B.  W.  Kennedy,  Vice-President,  thought 
if  there  was  any  fault  to  be  found  with  the  report  now  presented  it 
was  one  which  might  also  be  found  with  others  of  the  reports  drawn 
up  by  Mr.  Tower,  namely  that  he  had  really  condensed  so  much 
into  such  a  short  space  that  the  members  would  be  pleased  if  he  had 
given  the  results  at  twice  the  length,  and  had  included  a  great  many 
more  particulars.  That  was  a  fault  which  was  not  often  fallen  into, 
aDd  happily  it  was  easily  to  be  remedied.  The  question  raised  by 
Mr.  Veitch  Wilson  he  hoped  might  be  dealt  with  as  far  as  possible 
in  further  experiments  with  the  present  apparatus  ;  there  was  no 
doubt  that  additional  information  upon  that  point  would  be  of 
considerable  value. 

One  or  two  other  points  had  also  occurred  to  himself,  as  to  which 
he  should  also  liko  some  more  information,  such  as  he  was  sure 
Mr.  Tower  had  tho  means  of  giving.  For  instance,  in  the  first  two 
sets  of  experiments  at  the  slower  speeds  of  50  and  128  revolutions 
per  minute  in  Table  XVI  tho  coefficient  of  friction  at  any  given 
load  was  much  greater  than  at  tho  higher  speeds  oi*  194  to  353 
revolutions.  Taking  the  load  of  loo  ii>s.  per  square  inch,  the 
coefficient   at  50   revolutions    per    minute    was  0'021(J,  and  at  128 
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revolutions  it  was  0*0077;  but  at  194  revolutions  it  was  0*0044, 
ami  it  then  rose  a  little,  but  did  not  vary  much  up  to  353  revolutions. 
At  the  same  time  he  noticed  that  the  first  two  sets  of  experiments, 
at  50  and  128  revolutions  per  minute,  were  made  with  counted  oil 
drops,  and  the  last  three  apparently  with  a  more  or  less  continuous 
stream.  It  would  be  important  to  know  whether  the  differences  in 
the  coefficients  were  due  to  differences  of  lubrication :  whether  the 
L.wer  coefficient  could  have  been  got  at  the  slower  speeds  if  equally 
gi  n  id  lubrication  could  have  been  obtained  at  the  slower  speeds  ;  or 
whether  the  difference  of  coefficient  arose  from  some  cause  which 
had  actually  to  do  with  speed.  If  it  had  to  do  with  the  lubrication, 
it  was  obviously  highly  advisable — unless  there  was  some  reason  to 
the  contrary,  of  which  he  did  not  know— that  the  slower  speed 
experiments  should  be  made  again  with  the  same  lubrication  as  the 
quicker  speeds.  No  doubt  this  had  already  been  thought  out ;  but  it 
would  be  interesting  to  have  on  record  what  Mr.  Tower  had  to  say 
ftboui  the  matter. 

Like  most  engineers  he  remembered  hearing  at  an  early  stage  of 

his  apprenticeship  that  footstep  bearings  would  carry  fabulous  loads, 

whereas  the  present  experiments  proved  that,  even  although  perfectly 

Lubricated,  they  would  carry  only  a  small  load.     As  pointed  out  by 

Mr.  Wiekateed,  there  were  plenty  of  footsteps  which  carried  a  much 

load  than  in  these  experiments,  but  which  were  perhaps  not 

lubricated  anything   like  so  efficiently.      Hence   the  question  arose 

whether  the  difference  in  the  load  was  due  to  difference  in  form  or 

m  Of  the  footstep  j  and  the  probability  seemed  to  bo  that 

it  wai  really  due  to  a  large  extent  to  the  distribution  of  the  motion 

among  a  Dumber  of  rubbing  surfaces,  by  the  insertion  of  loose   discs 

beloi  the  footetep,a  practice  which  for  a  long  time  had  been  common 

in  good  work.     It  would   be  quite   worth  while,  he  believed,  for  the 

titution  to  arrange  for  making  experiments  on  some  such  footstep 

■  Iting    theoretical    point    raised    by  Mr.  Tower   iii    the 

•*mt    report    m  to    what   the  mean   radius  of   pressure   in   a 

n    hoaril  The    assumption   that    the    centre  oi 

M,  ,tt    two-thirds  of  the   radius  implied   of  course  that  the 
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pressure   was    uniformly   distributed    to   start    with,  and    remained 
uniformly  distributed  afterwards.     But  when  two  revolving  surfaces 
like  those  of  a  pivot  bearing  were  set  in  motion  under  a  uniform 
pressure  per  square  inch,  the  immediate  result  would  be  that  the 
outside  would  begin  to  wear  first ;  and  then  the  pressure  per  square 
inch  at  the  outside  would  become  less  than  nearer  the  centre,  and 
the  ultimate  conditions  would  be  conditions  of  uniform  wear  and  not 
of  uniform  pressure.     If  that  was  so,  two  consequences  would  seem 
to  follow.     The  first  was  certainly  that  the  centre  of  pressure  would 
be  at  half  the  radius,  instead  of  two-thirds.     The  second  was  that  the 
most  perplexing  thing  would  happen  in  the  centre  of  the  bearing, 
because  it  was  clear  that  the  intensity  of  pressure  would  be  enormously 
great  at  that  part,  far  beyond  the  limit  of  elasticity  of  the  material, 
and  the  material  would  presumably  be  crushed.     No  distinct  effect 
of  that  kind  however  was  noticed  in  a  pivot  bearing :  so  that  there 
must  be  something  wrong  in  that  way  of  looking  at  the  subject ;  and 
the  matter  was  one  which  had  perplexed  him  not  a  little.     In   the 
case  of  an  annular  surface,  or  ring  without  a  centre  portion,  it  was 
probably  right  to  take  the  centre  of  pressure  as  being  the  arithmetical 
mean  between  the  outside  and  the  inside  radius  ;  and  in  the  case  of  a 
footstep  he  thought,  subject  to  correction,  that  probably  the  mean 
radius  of  friction  was  more  nearly  half  the  radius  of  the  pivot  than 
two-thirds.     That  however  was  perhaps  rather  an  academic  question 
than  one  of  great  practical  interest. 

The  diagram  of  the  results,  shown  in  Fig.  7,  Plate  32,  appeared 
to  have  been  drawn  by  {dotting  certain  particular  points,  and  then 
drawing  a  wavy  curve  through  them.  That  was  a  perfectly  legitimate 
tiling  to  do  ;  but  when  it  was  done,  the  curve  did  not  represent 
anything  except  the  particular  results  of  special  experiments.  A 
curve  suitable  for  general  use,  Mr.  Tower  would  probably  agree, 
would  be  constructed  by  plotting  exactly  the  points  obtained  in 
experiment,  wherever  they  might  come,  and  then  drawing  tho  mean 
curve  which  lay  fairly  between  them,  He  should  therefore  bo  glad  if, 
in  addition  to  marking  on  the  diagram  the  exact  points  corresponding 
with  the  different  experiments,  Mr.  Tower  would  if  possible  draw 
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the  fail  curves  in  accorclauce  with  his  own  views  of  the  actual  results. 
Any  individual  member  of  the  Institution  might  have  some  difficulty 
in  doing  this  satisfactorily f or  himself;  hut  Mr.  Tower,  having  carried 
out  the  whole  of  the  experiments,  and  himself  worked  them  all  out, 

hi  be  able  to  draw  a  curve  which  might  be  actually  fair  enough 
to  be  of  considerable  use. 

It  would  be  interesting  if  some  details  could  be  given  of  the 
experiments  mentioned  in  page  116  with  three  and  with  four  radial 
grooves  in  the  face  of  the  bearing,  which  were  stated  not  to  have 
turned  out  so  well  as  the  two  opposite  radial  grooves  or  single 
diametrical  groove.  That  seemed  to  him  an  important  practical 
point  in  footstep  bearings. 

Every  member  he  thought  would  agree  that  the  present  report, 
with  the  mass  of  information  it  contained  in  such  a  small  space,  was 
well  worthy  of  a  place  beside  the  former  reports  received  from  the 
Rea  arc -h  Committee  on  this  subject,  whereby  he  was  quite  sure  the 
expenditure  by  the  Committee  upon  the  work  that  they  were  doing 
prafl  mure  than  justified. 

Mr.  WlLLIAM  S<  HONHEYDEB  thought  the  experiments  now  reported 

came  opportunely  at  the  present  time,  because  for  a  long  time  past 

it  had  been  generally  believed  that  a  footstep  would  carry  almost  any 

ight ;  and  as  the  result  of  that  belief  it  was  not  uncommon  to  see 

in    mill-    and    turbines    footsteps    running    hot   simply  because   the 

ight  which  they  were  capable  of  carrying  was  so  much  over-rated. 

The  present  experiments,  which  had  been  conducted  with  so  much 

0  Sinrmed   the  view   which   he  had  himself  entertained,  that  a 

I  bearing  of  a  similar  nature  to  that  which  was  met  with 

in  the  slide-block  of  a  cross-head.     It  was  well  known 
thai  in  s  i  Lide-blooh  the  amount  of  weight  which  could  ho 

cai  iu'-li  \\iL^  not  more  than  onc-tonth  of  what  could  lie 

I  cylindrical  journal.     Whereas  the  latter  could  carry  from 

■10  li  .  per  square  inch,  a  cross-head  slide-block  which  was 

taiitly  wiping  the  <>il  away  could  not  carry  much  more  than  10  to  60 

11,  i     m  the  experiments  now  reported,  it  appeared 

tin    |  which  the  footstep  carried   went  up  as 


March  1891.  PIVOT   FRICTION.  125 

high  as  160  lbs.  per  square  inch,  still  the  best  pressure,  at  any  rate 
at  moderate  speeds,  was  not  more  than  from  60  to  100  lbs.  per  square 
inch.  It  further  appeared,  as  pointed  out  in  the  report,  that  the 
coefficient  of  friction  diminished  as  the  amount  of  lubrication 
increased.  The  number  of  oil  drops  counted  per  minute  in  the 
experiments  he  presumed  were  not  drops  of  fresh  oil  supplied,  but 
were  the  number  that  fell  from  the  overflow  spout,  and  ran  back 
again  under  the  bearing.  That  being  the  case,  it  occurred  to  him 
that  there  might  perhaps  have  been  some  difficulty  in  regulating  the 
quantity  of  oil  supplied  to  the  bearing  ;  and  any  further  experiments 
he  would  therefore  suggest  might  be  made  with  oil  pumped  in 
continuously  under  the  bearing,  as  had  been  the  daily  practice 
in  certain  heavy  footstep  bearings,  which  were  thereby  enabled 
successfully  to  carry  a  sufficient  load  and  to  continue  running  cool 
under  it.  That  might  be  readily  done  in  the  present  case,  and  it 
would  then  be  seen  what  pressure  such  a  footstep  would  carry. 

With  regard  to  the  plan  of  introducing  a  number  of  loose  discs 
underneath  the  footstep,  the  result  would  be  that  the  relative  speeds 
of  the  pairs  of  rubbing  surfaces  would  be  much  reduced,  provided 
some  means  could  be  taken  for  ensuring  sufficient  lubrication  between 
them  all ;  otherwise  it  would  be  found  that  one  disc  would  cut  and 
stop  running,  while  the  others  would  go  on  ;  and  although  by  this 
means  the  bearing  was  helped  along  a  little  under  a  heavy  load,  yet, 
in  order  to  get  proper  results,  there  must  be  good  lubrication 
introduced  between  all  the  discs.  So  small  a  difference  between 
the  coefficient  of  friction  with  the  white-metal  bearing  and  the 
manganese-bronze  would  seem  rather  surprising,  were  it  not  for  the 
explanation  suggested  in  the  report,  that  the  friction  was  hardly 
between  metal  and  metal,  but  mainly  between  oil  and  metal. 

With  regard  to  the  diagram  shown  in  Fig.  7,  Plate  32,  it  appeared 
to  him  that  the  friction  in  inoh-poundfl  was  not  what  was  wanted  to 
be  known,  but  rather  the  coefficient  of  friction  :  and  if  the  latter 
had  been  plotted  out  so  as  to  show  how  it  varied  according  to  the 
different  ]hv»iiit>  per  square  ineli  and  the  different  speeds,  that 
WOllld  have  beet)  more  useful.  1)60*086  it  would  then  haw  been  seen 
When  was   the    lowest   point   in   each   curve,  and    where   eoiiM-qucntly 
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the  coefficient  of  friction  was  least.  It  seemed  to  him  that  a  diagram 
of  that  sort  could  be  simply  made,  and  would  be  of  greater  use  than 
the  diagram  now  shown.      [See  Fig.  8,  Plate  32,  added  accordingly.] 

Mr.  Hknbt  Davey  considered  the  mounting  of  the  pivot  bearing 
in  these  experiments  was  under  a  most  favourable  condition,  because 
it  was  supported  upon  a  centre  point,  and  was  what  might  be  called 
a  free  bearing,  somewhat  different  from  bearings  as  they  were  made 
in  common  practice.  It  was  not  rigidly  fixed,  and  therefore  could 
accommodate  itself  to  an  even  distribution  of  load  over  the  entire 
surface.  That,  he  imagined,  was  the  most  favourable  condition  for 
the  running  of  a  bearing  of  this  kind.  The  amount  of  weight  carried 
by  the  centres  of  lathes,  alluded  to  by  Mr.  Wicksteed  (page  119),  had 
always  been  a  great  puzzle  to  himself,  because  the  lathe  centres 
certainly  did  carry  a  much  heavier  weight  than  it  would  be  supposed 
they  ought  to  carry.  There  was  a  marked  difference  however  between 
the  condition  of  supporting  the  load  on  the  centres  of  a  lathe  and 
the  condition  of  a  footstep  bearing.  Apart  from  the  end  thrust  of 
the  lathe  centre,  which  might  be  greater  or  less  than  half  the  load, 
aiding  as  the  angle  of  the  conical  point  was  greater  or  less  than 
a  right  angle,  the  weight  was  carried  only  on  the  upper  surface  of 
the  cone,  while  the  lower  surface  probably  was  scarcely  touching. 

ZMr.  J.  Ly<        :    HF80K,  referring  to  the  preference  expressed  in 

for  "a  single  diametrical  groove,"  enquired  whether  the 

1  been  tried  of  working  a  bearing 'of  that  kind  without 

-;.     Ah  far  as  his  own   individual   experience  had  gone,  he 

to  be  rather  an  objection  than  otherwise;  they 

to    collect    dirt.      He   had  never    met   with  any  difficulty  in 

tting  oil  to  run  between  the  rubbing  surfaces  of  a  pivot  bearing 

khout  any  j  when    fed    with   oil   at    the    centre.     In  the 

report  it  \  thai  when  more  grooves  irere  used  the  friction 

i  ■:  which  would  tend  to  confirm  the  view  that  he  had  taken. 

ii    had   al  shown    in   the  former    experiments    made  with 

hat  the   'ut  of  pressure  was  the  wrong  place  to 

lul  r  to  introduce  oil.    Cutting  grooves  across  the 
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face  of  a  pivot  bearing  lie  thought  had  rather  a  tendency  to  let  the 
oil  escape  from  between  the  surfaces  than  to  secure  their  lubrication. 
There  was  naturally  a  tendency  for  the  oil  to  work  its  way  from  the 
centre  to  the  outside.  If  a  small  solid  sphere  were  introduced  between 
the  two  rubbing  surfaces  of  a  footstep  bearing,  it  would  soon  reach 
the  outside.  The  action  of  the  rubbing  surfaces  on  the  molecules 
of  the  oil  he  thought  was  much  the  same ;  and  therefore  without 
the  grooves  the  oil  would  be  found  to  work  from  the  centre  to  the 
outside. 

Another  point,  in  which  he  had  been  rather  anticipated  by 
Professor  Kennedy  (page  123),  was  that,  owing  to  the  difference  of 
surface  speed  near  the  centre  and  near  the  circumference  of  a  footstep 
bearing,  the  bearing  should  be  run  during  a  considerable  period  in 
order  to  get  a  reliable  result.  Time  entered  largely  into  the  value  of 
the  experiment :  for  while  at  first  no  doubt  the  pressure  was  uniform 
all  over  the  surfaces,  after  longer  running  they  would  become  more 
worn  towards  the  circumference,  and  the  pressure  would  thereby 
become  accentuated  near  the  centre,  and  the  conditions  altered. 

Mr.  William  S.  Lockhart  gathered  from  the  report,  and  from  the 
drawings  shown  of  the  experimental  apparatus,  that  flat  surfaces  were 
recommended  to  be  used  for  pivot  bearings,  in  preference  to  any  of 
the  many  other  shapes  which  under  various  circumstances  had  been 
employed   by  engineers   for   footstep  bearings.     The   oil  pipes  and 
hand-pump  described  in  the  report  appeared  to  be  intended  simjdy 
for  putting  the  pressure  upon  the  bearing  ;  and  he  did  not  find  any 
suggestion  made  that  the  bearing  itself  should  be  lubricated  with  oil 
under  pressure.     It  would  be  interesting  to  know  how  the  conclusion 
had  been  arrived  at  that  the  best  surface  for  a  pivot  bearing  was  a  flat 
surface;  and  whether  bearings  of  other  Bhapefl  had  been  tried.    In 
hi*  own  experience  he  had  found   thai  a  hemispherical    steel  toe, 
let  into  the  bottom  of  a  vertical  spindle,  and  working  upon  a  perfectly 
flat  steel  bearing  surface  beneath,  gave  good  results,  both  Burfac 
being  tempered  as  hard  m  they  could  be  made,  and  running  in  oil 
According  to  theory,  if  tlic  bearing  surface  irere  reduced  to  ■  mi 

centre    point,  there  ffould    practically   06    no    motion   at    all  ;    but   in 

I    2 
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practice  of  course  before  that  j)oint  was  reached  the  pressure  would 

Dome  i""  great.  It  seemed  to  him  that  if  the  pressure  between  the 
two  surfaces  in  contact  became  excessive,  the  oil  would  not  be  able  to 

:  in  between  them,  and  the  bearing  would  not  be  lubricated  at  all. 
L  —  discs  he  knew  were  largely  used  for  footstep  bearings,  and 
when  made  with  slightly  tapered  edges,  it  was  easy  for  the  oil  to  get 
in  between  them;  and  it  had  always  appeared  to  him  that  perfectly 
smooth  tapered  discs  without  oil  grooves  allowed  much  better 
lubrication  than  a  flat  bearing  with  oil  grooves.  On  these  points  it 
would  be  interesting  if  experiments  could  be  tried  for  ascertaining 
what  did  take  place  under  various  circumstances. 

Mr.  Gsoboi  (awi.ey  observed  it  was  stated  in  page  113  that  "the 
bearing  proved  to  be  a  most  efficient  pump,  causing  a  rapid  circulation 
of  oil  through  itself."  But  further  on  it  was  stated  in  page  116  that 
when  tested  for  endurance  at  higher  pressures  the  bearings  heated 
and  seized.  When  this  occurred  he  presumed  that  the  pumping 
action  had  failed  ;  and  if  that  were  the  case,  it  would  be  interesting 
to  know  what  exactly  was  the  condition  that  caused  its  failure: 
whether  it  was  the  extra  weight  only,  or  whether  it  was  the  increased 
temperature  and  the  diminished  viscosity  of  the  oil ;  or  how  far  each 
of  these  three  causes — load,  temperature,  and  viscosity — retarded  or 
stopped  the  Belf-lubricating  action. 

jna    Walker,  Member  of  Council,   remembered   that 

in  L852  a  large  flax-mil]  in  Leeds,  owned  by  Messrs.  Marshall,  had 

□  furnished    with   a   large  pair  of  engines  haying  an  unusually 

'.  aeafier  than  the  makers  themselves  recommended; 

and  the  shaft  of  this  fly-wheel  was  at  first  a  great  source  of  trouble. 

High    t!  i  a    man    always   on    the    look-out    fco    oil    the    shaft 

hole  mill  and  all  the  workpeople  would  be 
i  iIk  ii.  because  the  fly-wheel  shaft  had  got  over- 

BaYi]  <  d  t<.  < izamine  the  shaft,  and  see  what  in  his 

opinion  would   run    the   trouble,  he  had   advised    the  substitution  of  a 

hire    iron,  and    that,   the    bearings  should  bo 

made  muel  and  much  harder  than  the  existing  bearings.     The 
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workmanship  lie  considered  was  not  at  all  good  enough  for  the  heavy- 
load  to  be  carried ;  and  if  better  workmanship  and  better  material  were 
put  in,  he  believed  the  trouble  would  disappear.  The  disadvantages 
were  certainly  great,  owing  to  the  enormous  cost  of  changing  so  large 
a  shaft,  and  the  high  price  to  be  paid  for  the  new  shaft.  Phosphor- 
bronze  did  not  exist  then,  but  the  bearings  were  cast  from  very  hard 
gun-metal,  so  hard  that  great  difficulty  Mas  experienced  in  boring 
them.  The  greatest  possible  accuracy  was  bestowed  upon  the  shaft  to 
make  it  fit  perfectly,  so  that  the  bearings  should  be  thorough  and  good. 
The  time  of  starting  the  shaft  to  work  was  a  time  of  great  anxiety  to 
every  one  as  to  what  would  be  the  result.  It  had  not  run  more  than 
an  hour  before  he  felt  that  it  was  beginning  to  get  warm.  It  was 
therefore  stopped  for  the  rest  of  the  day,  and  before  the  next  morning 
he  got  a  small  hand-pump,  and  connected  its  delivery  with  each 
bearing,  so  that  every  half-hour  a  man  could  give  it  a  good 
douche  of  oil.  The  oil  went  in  at  the  bottom  of  the  bearing.  The 
pressure  exerted  by  the  hand-pump  would  be  something  like  half  a 
ton  per  square  inch  to  force  the  oil  in  through  the  small  hole,  and 
squeeze  it  through  between  the  bearing  surfaces.  No  further  trouble 
occurred  with  the  shaft ;  it  was  only  necessary  to  force  the  oil  in  at 
regular  intervals,  and  it  went  on  working  all  right ;  it  was  good 
Avorkmanship  and  good  material,  and  was  adapted  for  the  heavy  load 
it  had  to  carry.  The  weight  of  the  fly-wheel  and  shaft  together 
amounted  to  35J  tons;  the  shaft  was  12 J  feet  long,  and  the  two 
hearings  were  about  8  feet  apart  from  centre  to  centre,  with  the 
fly-wheel  midway  between  them,  and  were  each  18  inches  diameter 
and  30  inches  long :  so  that  the  nominal  load,  according  to  the  usual 
mode  of  calculation,  was  about  74  lbs.  per  square  inch. 

The  successful  running  of  a  bearing  depended  not  merely  upon 
the  load  it  constantly  carried,  but  also  upon  the  speed  and  the  quality 
of  the  workmanship.  The  Load  carried  by  a  lathe  centre,  which  had 
been  referred  to  by  both  Mr.  Wicksieed  and  Mr.  Davey,  seemed 
perfectly  marvellous  until  it  was  remembered  thai  care  was  always 
taken  by  the  turner  to  make  grooves  <>r  holes  with  the  chisel  in  the 
end  of  the  sliuft  or  casting,  for  enabling  the  g  I  i  gel  down  t'> 

the  centre  pivot;    and  care  was  always  taken  also  to  put  plenty  of  oil 
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on  at  the  beginning.  Moreover  the  strongest  latlie-ceutres  were  made 
hard  tool-steel,  so  Lard  that  a  file  could  not  touch  it.  It  was 
then  lore  owing  jointly  to  the  hard  material,  the  slow  speed,  and  the 
ample  Lubrication,  that  the  lathe-centre  carried  so  enormous  a  weight. 
1 1  he  had  to  make  a  vertical  shaft  for  carrying  a  great  load,  he  should 
never  think  of  making  it  with  a  plain  flat  end,  like  that  tried  in  these 
experiments,  but  should  prefer  to  taper  it  down  to  a  centre  point  like 
;i  lathe-centre.  It  was  not  so  common  now  as  formerly  to  use  vertical 
shafts,  1h  cause  it  was  more  common  in  mills  to  drive  with  ropes  or 
belts  than  with  bevil  gearing ;  but  it  would  be  found  that  some  of  the 
least  troublesome  vertical  shafts  ran  on  a  conical  footstep.  In  most 
cases  the  foot  of  the  shaft  had  a  piece  of  very  hard  steel  let  into  it, 
as  hard  as  flint  or  glass,  and  that  too  worked  upon  another  very  hard 
piece  of  steel,  so  that  the  bearing  greatly  resembled  a  lathe-centre  in 
regard  to  the  load  it  was  capable  of  carrying.  It  was  well  known 
that  there  were  thousands  of  shafts  at  work  which  depended  for  their 
lubrication  upon  getting  hot;  the  bearing  had  to  get  hot  before  it 
;ld  get  thoroughly  lubricated.  But  that  was  an  unreasonable 
way  of  lubricating,  and  modern  science  had  shown  that  the  proper 
way  was  BO  to  bore  and  turn  the  bearings  and  their  necks  as  to  allow 
for  an  ample  supply  of  oil  to  the  rubbing  surfaces.  This  was 
the  plan  followed  in  the  best  railway  practice,  in  which  the  successful 
running  of  the  heaviest  rolling  stock  in  the  fastest  trains  was  largely 
due  to  good  workmanship,  good  tit,  and  good  material,  along  with 
ample  b  Bring  surfaces  and  a  liberal  supply  of  oil.  In  1847  lie 
remembered  going  into  the  question  of  blowing  fans  for  foundry  and 
other  purposes,  frhich  in  those  old  days  used  to  absorb  a  terrible 
amount  of  power  to  drive  them.     As  the  result  of  experiment  lie 

found    that    all    that    had    to    be   'lone    was    to    reduce    the    diameter 

of    •         .1    spindle,  so    that    the  rubbing  surface    carrying    tho 

ould    travel    at    a    slower    speed ;    and    at    the    same    time 

to   increase    the    length   of  the  bearings,  and   to   make    the    spindle 

i  riitl   and    good    workmanship.      Whatever    the    load 

upon  the  Spindle,  if  the  Surface  Speed  in  the  healings  could  be 
reduced  to  one-half,  it  WSJ  just  as  good  BJ  running  witli  half  the  load 
at  the  original  The  first  Question   that  mechanical  engineers 
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usually  had  to  consider  was  cost ;  and  although  it  might  sometimes 
seem  more  profitable  and  convenient  to  make  a  rubbing  surface  big 
and  to  let  it  depend  for  its  lubrication  upon  getting  hot,  than  to 
make  the  workmanship  good  and  to  provide  good  lubrication,  yet  the 
best  rule  was  good  workmanship,  true  surfaces,  and  sound  material. 
These  means  would  result  in  producing  the  least  amount  of  friction, 
and  in  getting  the  greatest  amount  of  work  out  of  the  machinery. 

Mr.  E.  R.  Dolby  asked  whether  any  record  had  been  taken  of 
changes  in  the  shapes  of  the  rubbing  surfaces  during  these  experiments, 
namely  in  the  face  or  bottom  of  the  footstep,  and  in  the  face  or  top  of 
the  bearing ;  because  it  appeared  to  him  that  such  a  record  would 
to  a  great  extent  settle  the  question  raised  by  Professor  Kennedy 
(page  123)  as  to  the  greater  wear  at  the  outside.  He  should  also  like 
to  know  whether  any  experiments  had  been  tried  with  pivot  bearings 
made  in  the  form  of  a  Schiele  anti-friction  curve,  so  as  to  proportion 
the  amount  of  load  per  square  inch  to  the  speed  at  which  that 
particular  portion  of  the  surface  travelled.  It  would  also  he  thought 
be  a  good  thing  if  a  bearing  of  magnolia  metal  were  tried ;  for 
although  he  had  not  himself  had  much  practical  experience  of  it, 
he  understood  some  good  results  had  been  obtained  with  it  in 
steam-ships. 

Mr.  Beauchamp  Tower,  in  reply  to  Mr.  Wicksteed's  question 
(page  117)  about  the  oil  ram,  said  the  leakage  of  oil  past  the  ram  Ma- 
very  small  indeed  up  to  the  pressures  that  were  used,  which  did  not 
exceed  40  lbs.  to  60  lbs.  per  square  inch  on  the  ram.  The  same 
construction  of  ram  lie  had  no  doubt  could  be  employed  quite 
usefully  with  an  oil-pressure  up  to  100  lbs.  per  square  inch,  and  the 
leakage  would  be  of  small  importance,  that  is,  not  exceeding  such  b 
rate  that  it  could  easily  be  supplied  by  working  a  few  strokes  of  the 
hand-pump  every  two  or  three  minutes.  The  plan  certainly  answered 
perfectly,  and  the  friction  of  the  ram  seemed  to  be  nothing  at  all. 
Although  the  ram  could  be  turned  round  with  the  hand  quite  easily, 
yet  the  leakago  past  it  during  the  experiments  was  not  at  all 
inconvenient. 
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The  principle  of  Mr.  Ford  Smith's  footstep  hearing  (page  117)  was 
the  same  as  that  of  the  arrangement  described  in  the  report,  in  regard 
to  the  use  of  a  single  diametrical  groove  for  lubricating  the  rubbing 
surfaces ;  but  it  had  five  pairs  of  rubbing  surfaces  instead  of  only  one 
pair.  Xo  doubt  five  were  better,  because  there  was  five  times  more 
surfaee  and  more  freedom :  there  were  indeed  five  bearings  in  the 
place  of  one  bearing,  and  those  five  bearings  would  do  better  than  a 
single  one;  but  the  principle  was  exactly  the  same  as  of  the  single 
bearing  described  in  the  report,  and  no  doubt  the  action  of  the 
lubrication  was  the  same  in  both  cases. 

In  regard  to  the  enquiry  as  to  how  the  friction  increased  in  the 
interval  from  the  recorded  friction  up  to  the  point  of  seizing  (page  118), 
extreme  care  had  to  be  taken  with  the  bearing  when  it  had  been  got 
into  a  good  state.  It  often  took  several  days'  running  before  it  was 
got  into  a  thoroughly  good  working  state  ;  and  it  was  then  necessary 

look  at  it  frequently  and  to  be  most  careful  to  avoid  running  any 
risk  of  its  being  damaged  by  being  overloaded.  If  it  were  overloaded, 
it  began  seizing;  and  it  then  took  three  or  four  days'  running  before 
it  could  be  got  back  to  its  former  good  state.  The  intermediate 
frictions  had  therefore  not  been  accurately  recorded.  All  those 
frictions  that  bad  been  recorded  were  perfectly  safe  amounts,  which 
the  bearing  could  be  relied  on  to  carry  without  risk  to  itself.  After 
trying  I  jKiiments  the  bearing  had  then  been  gradually  loaded 

up  until  it  did  seize.     It  showed  symptoms  of  being  uncomfortable 

.<■  time  before  it  seized,  the  Motion  rising  with  sjmsmodic  jerks  ; 
and  the  figures  varied  so  much,  that  it  was  not  possible  to  get  any 

i<>  what  was  the  exact  increase  of  friction  in  the 

With  ]«  gard  t<<  speed,  l><»tli  Mr.  Wicksteed  (page  1 L8)  and  Professor 
121)  had  referred  to  the  fact  that  apparently  the  speed 
fficient  of  friction,  and  that  the  coefficient  of  friction 

806):  diminish   at  hi  It,  certainly  did   diminish   as 

the  pras  increa  ed   up  t<»  290  revolutions  a  minute;  and  Ik. 

attributed   that  result  to  the  very  perfect   Lubrication.      Professor 
I,-;  <   L22)  that  the  Lubrication  might  have 

el  oil  at  the  slower  speeds  as  at  the 
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quicker;  but  this  it  had  not  been  practicable  to  do,  because  the 
actual  rate  of  lubrication  was  the  rate  which  was  natural  for  the 
speed :  it  was  the  rate  at  which  the  bearing  itself  [took  the  oil,  and  at 
the  quicker  speeds  it  could  not  be  prevented  from  taking  it  at  the 
higher  rate.  As  the  bearing  ran  faster,  so  it  took  oil  more  quickly, 
and  no  doubt  lubricated  itself  more  perfectly. 

In  the  previous  collar-bearing  experiments  referred  to  by  Mr. 
Wicksteed  (page  118),  it  must  be  remembered  that  the  collar  having  so 
narrow  a  surface  was  an  extremely  difficult  bearing  to  lubricate,  and 
did  not  at  all  lend  itself  to  perfect  lubrication.  That  was  the  reason, 
he  thought,  why  it  had  carried  such  a  small  load  ;  and  as  far  as  he 
could  learn  from  the  experience  of  ordinary  collar  bearings  of  screw 
shafts  in  steamers,  it  was  found  not  safe  to  put  a  heavy  load  upon  them. 

With  respect  to  lathe-centres,  which  in  some  cases  were  supposed 
to  carry  perhaps  as  much  as  ten  tons  per  square  inch,  he  imagined  that 
under  such  a  load  there  could  be  no  true  lubrication.  The  metals 
must  be  in  contact,  and  continual  abrasion  be  going  on,  the  soft 
metal  wearing  away  in  contact  with  the  hard  steel  centre  ;  but 
owing  to  the  slow  speed  and  the  consequent  small  amount  of  energy 
turned  per  minute  into  heat,  and  also  to  the  comparatively  small 
number  of  revolutions  which  such  a  bearing  made  during  its  whole 
time  of  work,  neither  heating  nor  wear  was  sufficiently  large  to  cause 
inconvenience. 

In  reply  to  Mr.  Wilson's  enquiry  (page  120)  as  to  whether  in  these 
experiments  there  had  been  any  means  of  regulating  the  temperature 
or  recording  it,  as  a  matter  of  fact  this  had  not  been  done.  In  the 
first  experiments  with  the  cylindrical  bearing  (Proceedings  1883,  pa 
632),  the  question  of  the  effect  of  temperature  on  lubrication  had 
been  most  carefully  and  elaborately  gone  into;  and  it  had  not  since 
bees  thought  necessary  to  repeat  that  portion  of  the  experiments  Sfl 
that  point  was  considered  to  have  been  oompletely  elucidated.  The 
value  of  different  kinds  of  oil  having  also  been  tried  at  the  same 
time,  it  had  m«t  been  thought  needful  to  repeal  the  trials,  because  thai 
question  had  then  been  bo  thoroughly  dealt  with.  The  hind  of  <>il 
employed  in  the  pn  cperiments   was    the    ordinary  mineral 

lubricating  oil  used  in  Messrs.  Simpson's  works. 
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With  regard  to  Professor  Kennedy's  view  (page  123)  about  a 
bearing  of  this  kind  wearing  more  towards  the  circumference,  and  so 
causing  th.  rare  to  become  greater  towards  the  centre,  his  own 

notion  was  that,  when  the  bearing  was  in  thorough  working  order, 
there  was  really  no  metallic  wear  at  all.  As  long  as  there  was 
metallic  contact  anywhere,  the  metal  was  worn  away  there  until  it 
allowed  oil  to  get  in  between  ;  and  the  ultimate  result  was  that  a 
space  equal  to  the  thickness  of  the  oil  film  really  existed  all  over  the 
rubbing  surface  ;  and  as  soon  as  this  was  the  case,  there  might 
perfectly  well  be  a  uniform  pressure  in  that  way  all  over  the  surface. 
The  question  raised  by  Professor  Kennedy  (page  122),  as  to  whether 
two-thirds  was  the  proper  radius  to  adopt  for  the  centre  of  pressure, 
\\ as  a  matter  of  opinion  to  some  extent,  rather  than  of  fact.  It  was 
easy  to  alter  the  calculations  if  another  radius  were  preferred. 

As  to  the  diagram,  Fig.  7,  Plate  32,  the  curves  there  shown  did 
actually  pass  through  the  points  which  were  recorded.  The  pressures 
were  taken  with  uniform  increments  of  load,  and  the  curves  were 
drawn  through  the  actual  points  plotted,  which  could  readily  be  added 
on  the  diagram  to  show  where  the  recorded  results  were.  By  the  inch- 
pounds  (page  125)  in  which  the  friction  was  stated  were  meant  inch- 
pounds  of  moment,  and  not  inch-pounds  of  energy  ;  it  was  meant  that 
the  figures  given  represented  the  leverage  or  moment  of  the  friction 
taken  at  the  radius  of  one  inch. 

The  bet  that  a  bearing  of  this  kind,  when  working  at  a  slow 
■peed,  did  not  act  as  a  pump  so  efficiently,  would  no  doubt  make  it 

senary  to  force  the  lubrication  with  an  ordinary  pump,  if  heavy 
carried  at  slow  speeds. 
With   regard  to  not  haying  any  lubricating  groove  at  all,  but 

rplyan  oil  hole  in  the  centre  of  the  bearing  (page  120),  ho  thought 

Ian  would  not  answer  with  a   footstep   bearing,  because  the 

result  might  I  perfectly  oil-tight  fit  round  the  hole,  and  not 

y  <-il  into  the  bearing  at  all.    It  appeared  to  aim  that  tho 

wafl  absolutely  essential  to  distribute  the 
oil. 

;!.  of  time  winch  it  was  necessary  to  run  a  bearing 
of  th:  re  reliable  results  (page  127),  the  apparatus 
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described  in  the  report  had  been  kept  working  for  something  like 
five  weeks,  and  had  greatly  tried  the  patience  of  all  concerned.  Even 
for  days  together  it  was  found  impracticable  to  get  any  satisfactory 
results  ;  when  all  seemed  to  be  going  on  right,  some  discrepant  result 
would  show  that  the  bearing  was  not  working  as  it  should  do,  and  it 
gave  a  vast  amount  of  trouble.  It  had  taken  a  great  deal  of  patience 
and  perseverance  to  get  the  few  results  recorded  in  the  report.  That 
was  one  reason  why  a  greater  variety  of  bearings  had  not  been  tried. 

A  hard  steel  hemispherical  footstep  resting  upon  the  flat  hard 
steel  plate  (page  127)  was  a  bearing  which  had  been  tried  in  one 
of  the  experiments ;  but  the  results  were  so  incongruous  and 
unsatisfactory  that  they  had  not  been  recorded.  Where  the 
hemisphere  touched  the  flat  plate,  the  hard  steel  simply  wore  away, 
became  grooved,  and  seized. 

The  suggestion  had  been  made  (page  128)  that  when  the  bearing 
seized  it  was  because  its  pumping  action  had  failed.  The  fact 
was  however  that  the  pumping  action  of  the  bearing  never  failed ; 
but  when  the  bearing  seized  it  was  because  the  weight  was  too 
great,  and  it  seized  in  spite  of  the  pumping  action.  The  oil  flow 
never  ceased  at  all ;  and  it  could  always  be  known  how  the  bearing 
was  going  on  by  seeing  whether  the  oil  dropping  from  the  overflow 
pipe  into  the  lubricating  pipe  was  clean.  If  the  oil  was  perfectly 
clean,  the  bearing  was  known  to  be  working  well ;  but  the  earliest 
sign  of  seizing  was  shown  by  particles  of  brass  in  the  oil,  which 
could  be  observed  quite  well  by  taking  a  drop  of  oil  between  the 
fingers,  when  it  could  be  seen  that  it  was  dirty. 

The  importance  of  good  workmanship  had  been  spoken  of  by 
Mr.  Walker  (page  129).  There  was  no  doubt  that  a  bearing  must 
be  made  perfectly  accurate  as  a  fit ;  and  if  it  was  no1  made  so  at 
first,  it  would  have  to  make  itself  so  by  wear,  if  it  was  to  work 
satisfactorily.  A  bearing  when  in  perfect  working  order  i 
necessarily  a  perfect  fit. 

In  reply  to  Mr.  Dolby's  enquiry  (page  181)  as  to  whether  there 
was  any  change  of  shape  in  the  rubbing  surfaces,  due  to  wear,  ho 
should  aay  there  certainly  was  not.  The  surfaces  had  been  got  op 
flat  most  carefully.     One  reason  for  trying  flat  surfaces  in  prefcrenco 
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any  other  was  that  they  were  capable  of  being  more  exactly  got  up 

I  true  surface  than  any  other  shape.     The  surfaces  were  scraped 

up,  and  after  they  had  been  running  for  some  time  there  were  still 

or  two  2>oints  left  where  the  remains  of  the  scraping  could  just 

be  seen,  showing  that  there  really  was  practically  very  little  wear 

indeed  and  very  little  alteration  of  shape.     Most  of  the  surface  was 

just  skimmed  over  by  the  wear,  and  that  was  all,  just  enough  to 

remove  the  marks  of  scraping ;  while  here  and  there  a  spot  would  be 

i  where  the  mark  of  the  scraping  was  still  left. 

Mr.  Charles  Cochrane,  Past-President,  asked  whether  the 
friction  of  the  hard  steel  conical  point  in  the  centre  pop  on  the  top  of 
the  plunger  did  not  constitute  a  minus  quantity  to  be  deducted  in 

jrding  the  actual  pull  on  the  spring-balance.  Had  not  the 
friction  of  that  centre  to  be  overcome   before   the   friction    of  the 

;  -tcj)  bearing  could  be  recorded  by  the  spring-balance  ? 

Mr.  Tower  replied  that  the  friction  of  the  conical  point  in  the 

litre    pop    would   of  course    tend   to   prevent   the   record   of  the 

spring-balance  being  correct ;    and  therefore  as  a  matter  of  fact  in 

ling  the  spring-balance  the  precaution  had  been  taken  to  move 
the  circular  plate  L,  Figs.  4  and  5,  Plate  81,  first  one  way  by  hand, 
and  let  it  come  back,  and  read  the  reading ;  and  then  to  move  it  the 
other  way  by  hand,  and  let  it  come  back,  and  read  the  reading  again; 

I  the  mean  between  the  two  readings  gave  the  true  record.  The 
friction  was  rery  small  indeed,  and  in  that  way  it  was 

pletely  obliterated 

Mr.  J.  Qabtlxi  Wioxsthd  enquired  whether  the  rum  of  the  oil 

■  did    Dot  revolve    in    its    cylinder   With    the    oscillations    of   tlic 

and  the  circular  plate.    Or  was  it  to  be  understood 

I  conical  point  below  the  bearing  revolved  in  the 

I  i   pop  on  the  top  of  the  ram  ?     If  the  latter,  then  the  case  was 

to  that  of  a  lathe-centre;  and  with  :i  centre  pop  5  -82nds 

an   inch  dl  there  would  be  a  cross  sectional  area  of  only 

J   50th  of  ■  square  Inch  ;  and  as  there  was  a  total  load  of  lialf  a 
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ton  upon  the  footstep  when  loaded  at  160  lbs.  per  square  inch,  there 
would  thus  be  a  pressure  of  25  tons  per  square  inch  on  the  hard 
steel  cone,  notwithstanding  which  it  did  not  seize  in  the  centre  pop. 

Mr.  Tower  replied  that  the  ram  did  not  turn  with  the  oscillations 
of  the  spring-balance,  though  when  the  machine  was  designed  it  had 
been  hoped  that  it  would ;  but  although  the  friction  of  the  ram  was 
so  small,  it  was  yet  found  to  be  greater  than  that  of  the  hard  steel 
centre.  The  turning  motion  of  the  circular  plate  and  cone  was  of 
course  very  slight ;  the  conical  centre  was  not  continuously  revolving 
as  the  bearing  was,  but  underwent  only  a  small  reciprocating  rotary 
movement,  corresponding  with  the  slight  oscillations  of  the  spring- 
balance. 

Mr.  J.  Hartley  Wicksteed  asked  whether  any  theoretical 
explanation  could  be  given  of  the  action  of  the  multiple  discs,  of 
which  Mr.  Tower  had  spoken  (page  132)  as  having  the  effect  of 
multiplying  the  bearing  surface  in  proportion  to  the  number  of  the 
loose  discs.  That  appeared  to  him  to  be  a  complete  enigma,  because 
he  should  have  thought  that  the  pressure  coming  upon  one  disc  would 
equally  come  upon  all ;  and  that,  when  the  pressure  had  reached  a 
point  which  would  make  one  pair  of  discs  seize,  it  would  equally 
make  them  all  seize. 

Mr,  Gbobgi  Cawlet  understood  the  object  of  inserting  loose 
discs  in  a  footstep  bearing  was  really  to  reduce  the  velocity,  by  each 
disc  running  at  a  differential  speed,  and  bo  taking  up,  as  it  were,  a 
certain  amount  of  the  velocity.  For  instance,  with  a  shaft  running 
at  300  revolution-  pec  minute,  and  tour  loose  discs,  each  disc  might 
be  supposed  to  run  75  revolutions  faster  or  Blower  than  its  neighbour. 
But  if  this  were  the  case,  it  seemed  to  him  that,  as  the  present 
experiments  showed  that  the  coefficient  of  friction  increased  much  with 
a  slower  speed, there  would  be  much  more  friction  with  the  discs  than 

if  there  were  UO  discs  at  all,  provided  the  velocity  of  the   shaft  when 

there  were  no  discs  was  no!  too  great.     The  object  of  having  the  di 
he  presumed  would  be  in  order  that,  in  a  case  where  the  velocity  of 
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the  shaft  was  too  high,  it  might  by  that  means  be  broken  up  into 
a  uuml>er  of  differential  velocities  of  lower  amount. 

Mr.  Toweb  replied  that  he  certainly  believed  only  one  pair  of 
rubbing  at  a  time,  and  that  the  velocity  was  not  divided 
np  among  the  discs  at  all,  but  that  only  one  pair  of  discs  at  a  time 
was  doing  the  whole  work,  and  went  on  doing  it  until  they  began  to 
get  a  little  too  warm.  The  smallest  tendency  to  seize  occasioned 
more  friction  between  the  working  pair  than  between  some  other  pair 
of  discs,  and  then  the  latter  pair  of  discs  took  up  the  work :  so  that  the 
rk  wan  really  divided  up  into  a  succession  of  periods  of  time,  and  if 
there  were  four  discs  each  disc  would  have  only  one-fourth  of  the 
whole  amount  of  wTork  to  do  in  the  day,  and  they  had  intervals  of  rest 
which  gave  them  time  to  get  cool. 

The  Fki:sii>i:\t  said  reference  had  been  made  by  Mr.  Wickstecd 

(page  117)  to  a  former  instance  given  by  Mr.  Ford  Smith  of  a  footstep 

ring  carrying  as  much  as  455  lbs.  per  square  inch  ;  but  he  had 

since  had   an   opportunity  himself  of  ascertaining   from   Mr.  Ford 

Smith  that  upon  the  upright  shaft  to   which  he  had  alluded   there 

re  four  bevil  wheels,  one  to  each  floor,  and  all  facing  downwards. 

[uence  was  that  in  their  revolution  they  all  had  a  lifting 

Ion  upon  the  shaft,  thereby  actually  relieving  the  load  upon  the 

footstep,  and  so  facilitating  its  lubrication,  and  enabling  it  to  carry 

what  other  emed  so  heavy  a  load.     As  to  the  advantages  of 

gs  on  the  necks  of  drill  spindles,  their  success  was  altogether 

an  the  intermittent  pressure  upon  the  drills,  and  was  not  due 

to  reduction  of  friction.     If  the  weight  were  only  kept  00  long  enough, 

l  be  found  that  first  one  pair  would  seize  and  tlien  another, 

i    ultim.'!'  U    would    be   the    same    in    tlie    stoppage  of   the 

drill  pi  only  thai  it  would  run  somewhat  Longer  before  stopping, 

'!  would  hare  to  be  worked  out  from  between  so  many 

■  'if:  lubrication  <■<  ased  altogether. 

In  upon    the   previous  experiments  on  a  collar 

pointed  out  (Proceeding!  L888    page  IH2)  that  the 

Conclusively     that     friction     meant     non- 
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lubrication ;  and  if  there  was  no  lubrication  between  two  rubbing 
surfaces  they  would  not  practically  carry  any  weight  for  any  length 
of  time.  In  his  own  experience  as  a  locomotive  engineer,  he  had 
invariably  found  that  if  the  bearings  of  an  engine  were  in  the  habit 
of  persistently  getting  warm  there  was  too  much  weight  on  them. 
The  practical  limit  at  which  he  had  arrived  was  2i  cwts.  per  square 
inch ;  and  if  more  than  this  pressure  were  allowed  on  the  bearings 
of  a  locomotive  engine,  notwithstanding  their  freedom  to  wobble 
about  from  side  to  side,  they  would  not  run  cold.  This  limit  he  was 
glad  to  find  had  been  amply  confirmed  by  the  experiments  now  made, 
which  showed  that  the  seizing  or  heating  point  was  somewhere  about 
2h  cwts.  or  280  lbs.  per  square  inch.  Whenever  he  had  had  an 
engine  which  would  not  run  cold,  and  in  which  the  weights  upon 
the  bearings  could  not  be  changed,  he  had  put  a  bigger  axle  in  and 
had  thereby  cured  the  heating  directly.  In  1870  he  had  furnished 
the  dimensions  for  a  pair  of  large  winding  engines  in  South  Wales,  to 
wind  from  a  deep  pit.  There  were  two  winding  drums,  for  which 
however  the  bearings  had  been  made  too  small ;  and  the  first  time  he 
visited  the  pit  he  found  there  was  a  stream  of  water  running  on  all  the 
bearings  to  keep  them  cool.  The  defect  could  not  be  altered  then, 
and  all  he  could  advise  was  to  go  on  with  the  water  until  a  new 
shaft  was  wanted,  and  then  to  stop  the  pit  while  it  was  being 
put  in. 

Even  when  there  was  ample  freedom  of  movement  in  a  bearing, 
he  considered  that  2\  cwts.  per  square  inch  was  the  maximum  which 
could  be  put  upon  any  journal  to  run  with  safety.  All  the  Research 
Committee's  experiments  had  been  tried  under  the  worst  conditions, 
because  the  bearings  could  not  move  as  they  would  do  in  ordinary 
working,  and  thereby  get  some  relief  for  themselves.  The  collar 
bearings  of  a  steamer  at  sea,  if  it  were  not  for  the  slightly  undulatory 
motion  of  the  ship  even  in  smooth  water,  would  bo  getting  hot 
continually;  in  fact  they  would  do  so  even  now,  were  there  not  always 
water  kept  running  upon  them  in  order  to  keep  them  cool.  The 
screw-shaft  of  an   Atlantic   liner  transmitting  as  much  as   1  1,000 

horse-power   would    not   run   at    all.  if  there    wnv    DO   possible  means 
of  relief  for  the  OOllai  thrust-bearing. 


llit  riYOT  FRICTION.  March  1891. 

(The  President.) 

Iu  connection  with  the  experiments  made  by  the  Committee  it  had 
not  been  any  part  of  their  duty!  to  select  or  recommend  a  particular 
form  of  bearing  ;  and  for  the  present  exi)eriments  on  pivot  friction 
they  had  simply  taken  what  they  considered  would  be  the  nearest 
approach  to  a  perfect  fit,  namely  a  flat  surface  for  both  the  footstep 
and  the  bearing.  The  conduct  of  these  experiments  had  been  a 
matter  of  great  interest  for  Mr.  Mair-Rumley  and  for  himself,  and 
for  Mr.  Tower  also.  The"  Members  he  was  sure  would  wish  to  join 
him  in  a  cordial  vote  of  thanks  to  Messrs.  Simpson  and  Co.,  for  their 
kindness  in  again  providing  free  accommodation,  engine  power, 
assistance,  and  other  facilities  for  these  experiments,  and  in 
constructing  at  net  cost  price  the  requisite  apparatus ;  and  also  to 
Mr.  Tower  for  the  great  pains  and  thought  which  he  had  bestowed 
upon  this'work,  and  for  his  great  ingenuity  in  scheming  the  machine 
employed  for  the  experiments.  He  considered  it  to  be  an  admirable 
machine  for  doing  what  the  Committee  had  attempted  to  do. 
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OX  KECEXT  TEIALS  OF  EOCK  DRILLS. 


By  Mr.  EDWARD  H.  CARBUTT,  Pa>t-Puesident, 
and  Mr.  HEXRY  DAVEY,  of  London. 


During  the  summer  of  1890  an  Exhibition  of  Mining  and 
Metallurgy  was  held  at  the  Crystal  Palace,  Sydenham,  the  success  of 
which  was  due  in  a  great  measure  to  the  energy  of  the  honorary 
secretary,  Mr.  George  A.  Ferguson.  Towards  the  close,  the  Council  of 
the  Exhibition  arranged  for  a  trial  of  the  Eock  Drills  exhibited,  or  of 
as  many  of  them  as  the  makers  cared  to  enter  for  competition.  Seven 
power  drills  and  two  hand  drills  were  entered ;  and  the  authors  of 
this  paper,  having  been  appointed  to  superintend  the  trials  and  act  as 
judges,  thought  that  the  results,  together  with  a  description  and 
illustrations  of  the  mechanism  of  the  drills,  would  form  a  more  or 
less  valuable  contribution  to  the  literature  of  the  subject  in  the 
Proceedings  of  this  Institution,  and  might  probably  give  rise  to  a 
discussion  on  the  general  subject,  and  elicit  some  further  information 
to  preserve  on  record. 

The  drills  exhibited  were  all  of  the  striking  or  percussive  kind, 
and  may  be  divided  broadly  into  three  classes  : — (1)  drills  in  which 
the  valve  is  worked  by  air  pressure  ;  (2)  drill  shaving  the  valve 
worked  through  mechanical  connections  by  tappets  or  cams ; 
(3)  valveless  drills,  in  which  the  main  piston  itself  performs  the 
office  of  valve.  In  the  first  of  these  classes,  the  piston  performs  the 
function  of  a  valve  for  reversing  the  actual  valve  ;  while  tho  latter 
in  its  turn  causes  the  motion  of  the   piston  to  be  reversed.     Tn  the 

and  class,  the  motion  of  the  piston  is  employed   to  reverse  the 

valve  by  knocking  it  over  the  ports. 

The  rules  laid   down   for  the   competition  were  settled  by  tho 

engineer  of  the  Exhibition,  Mr.  Edward  Wilkinson,  and  wen  1  to 
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1  v  all  the  competitors,  the  judges  being  in  no  way  responsible  ;  they  are 
appended  for  reference.  The  drills  entered  for  the  competition  were 
the  following  :—McCulloch's  "Rio  Tinto";  Stephens'  "Climax"; 
Bickle  ;  Ingersoll  -  Mayne  ;  Daw  ;  Coles  ;  Hathorn's  "  Eclipse  "  ; 
Ingersoll  hand-power;  and  Bromfield-Ingersoll  hand-power.  All 
the  seven  power  drills  were  fed  by  hand,  none  being  worked  with 
a  self-acting  feed. 

MCulloclis  "  Bio  Tinto  "  Drill— -In  this  drill,  shown  in  Figs.  1  to  5, 
Plates  33  and  34,  the  two  pistons  forged  solid  upon  the  piston-rod 
perform  the  double  function  of  acting  themselves  as  outlet  or  exhaust 
valves,  and  also  of  actuating  the  inlet  slide-valve  V  through  a  tappet  T 
struck  by  a  swelling  or   spherical  boss  surrounding  the  piston-rod 
midway  between  them.     The  compressed-air  or  steam  for  working  the 
drill  is  admitted  to  the  valve-chest,  and  is  distributed  by  the  slide- 
valve  through  ordinary  ports  and  passages  to  the  ends  of  the  cylinder 
alternately.      The   exhaust    takes   place   direct    from    the   cylinder 
through  two  sets  of  four  holes  E,  Figs.  1  and  5,  which  are  alternately 
rered  and  uncovered  by  the  pistons.     The  further  extremities  of 
the   admission    passages,  just   where   they   enter   the   cylinder,   are 
h   iitted  with  a  rectangular   mushroom    valve  I,  Figs.  1  and  4, 
which   opens    for   admission    into  the   cylinder,   but   closes   against 
it  therefrom.     Hence,  after  the  set  of  four  exhaust  holes  in  front 
either  piston  has  been  closed  by  the  piston  itself,  the  exhaust  air 
remaining  in  that  end  of  the  cylinder  is  compressed  to  the  end  of  the 
forming    a    cushion,  and    preventing    the   piston   from 
iking  the  cylinder  coyer.     In  the  forward  stroke  however,  owing 
d  of  the  exhaust  holes,  the  cushioning  does  not  offer 
an j appreciable  resistance  t<>  the  force  of  the  catting  blow,  except 
when  the  piston  ifl  travelling  too  for,  in  con  ithcr  of  a  soft 

place   in  the  rock,  or   of  the  drill   not  being  kept   in   its  proper 
working  position.     When  the  exhaust  air  is  being  compressed  in 
cylinder,  it  |  the  con-return  mushroom  valve  I 

•iter  upon  it     eating;  whereas  the  corresponding  valve  at  the  other 
i  of  the  cylind  ,11  open  for  the  admission,  the  driving  air 

re  being   greatly  in  of  the  strength    of  the  light  spring 
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that  tends  to  close  the  non-return  valve.     This  action  takes  place 
alternately  at  each  end  of  the  cylinder. 

When  the  inlet  slide-valve  Y  has  been  moved  by  the  tappet  to 
either  end  of  its  travel,  so  as  to  close  one  of  the  admission  ports  and 
open  the  other,  it  is  retained  in  that  position^  by  the  air  pressure 
acting  upon  its  admitting  end,  and  any  movement  is  thereby 
2<revented  during  the  time  that  the  boss  on  the  piston-rod  is  not  in 
contact  with  the  tappet.  The  slide-valve  is  cylindrical,  and  the 
cylindrical  casing  or  chest  in  which  it  slides  is  provided  with  an  oil 
hole  on  the  outer  side,  and  on  the  inner  side  has  a  longitudinal  slot 
in  which  the  arm  of  the  tappet  moves.  At  each  extremity  of  its 
travel  the  slide-valve  is  pressed  by  the  tappet  against  a  stop, 
consisting  of  a  steel  disc  D  with  india-rubber  backing,  Fig.  1.  When 
desired,  both  the  valve  and  the  tappet  can  be  reversed  end  for  end, 
for  equalising  their  wear. 

During  the  inward  or  return  stroke  of  the  drill,  it  is  caused  to 
rotate  through  rather  less  than  a  quarter  of  a  turn,  by  means  of  a 
rifled  spindle  S  fitted  into  the  back  cylinder-cover,  and  carrying  a 
ratchet  wheel  R  with  pauls  held  up  by  springs,  which  allow  it  to  rotate 
in  one  direction  only,  Figs.  1  and  2.  On  the  spindle  works  a 
corresponding  bush,  fitted  in  the  back  end  of  the  piston-rod,  in  which 
is  also  made  a  cavity  long  enough  to  receive  the  spindle  when  the 
piston-rod  is  at  the  extremity  of  its  inward  stroke.  When  the  drill 
is  making  its  forward  or  cutting  stroke,  the  ratchet  wheel  and  rifled 
spindle  are  rotated  freely  by  the  bush  in  the  piston-rod ;  while  in 
the  return  stroke  they  are  held  by  the  pauls  from  rotating,  and 
consequently  the  drill  is  now  rotated  by  the  bush  through  the 
extent  of  the  turn  provided  in  the  rifling  of  the  spindle. 

The  drill  cylinder  is  cast  with  V  shaped  projections,  sliding  in 
corresponding  grooves  in  the  cradle G  in  which  it  is  mounted,  Figs.  3 
to  5.  The  feed  is  given  by  a  screw  worked  by  hand.  The  cylinder 
18  3 \  indies  diameter  with  a  Stroke  of  5  inches;  and  the  Weight  of 
the  drill  unmounted  is  308  Lbs. 

In  Figs.  35  and  86,  Plate  l-\  is  shown  the  quarry  bar.  on  which 
the  drill  is  mounted  for  certain  kind-  of  work. 

b  _ 
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Stephens'  "  Climax  n  Drill — In  tlie  construction  of  tins  drill,  shown 
in  Figs.  G  to  12,  Plates  35  and  36,  one  of  the  principal  features  is  the 
reversible  tappet- valve  V,  Fig.  11,  which  is  a  flat  plate  rocking  on 
a  centre  pin,  and  actuated  by  a  spherical  boss  on  the  piston-rod, 
midway  between  the  two  pistons.  The  valve  contains  a  pair  of 
admission  ports  A ;  and  a  pair  of  recesses  or  exhaust  ports  E,  which 
control  two  corresponding  pairs  of  ports  in  the  valve-chest  face, 
communicating  with  the  ends  of  the  cylinder  and  with  the 
atmosphere,  Figs.  7  to  9.  On  the  back  of  the  valve  is  another 
pair  of  recesses  or  exhaust  ports,  corresponding  with  those  on  the 
face,  so  that  when  worn  the  valve  can  be  reversed  back  and  face* 
and  upside  down  ;  it  is  then  practically  as  good  as  a  new  valve  and 
new  tappet. 

A  second  feature  is  the  twisting  or  rotating  device  on  the  rifled 
spindle  in  the  back  end  of  the  cylinder,  which  consists  of  a  crown 
ratchet  clutch  R,  Fig.  G,  whereby  the  use  of  pauls  is  dispensed  with. 
The  strain  which  would  come  upon  a  single  paul  and  tooth  for 
rotating  the  drill,  or  upon  a  pair,  is  here  distributed  equally  over 
fifteen  catches,  which  all  act  at  the  same  time,  the  sliding  half  of 
the  clutch  being  all  in  one  piece,  and  pressed  forwards  against  the 
rotating  half  by  a  single  spring.  This  arrangement  admits  of  the 
dutch  being  from  1  inch  to  1£  inch  larger  in  diameter  than  a  ratchet 
wheel  in  the  same  cylinder  cover,  because  no  space  is  required  for 
paul-  md  Bprings  outside  the  circumference  of  the  ratchet.  The 
strain  therefore,  besides  being  distributed  over  a  much  larger 
number  of  teeth,  is  also  removed  to  a  greater  distance  from  the  centre. 

Anotlir r  feature  is  the  insertion  of  loose  adjusting  liners  L  in  the 

0,  Pig.  7,  which  are  so  arranged  that  any  movement  of  the 

cylinder  in  the  cradle  can  be  readily  adjusted  in  a  few  minutes  by 

tli*  liners;  and  provision  is  made  for  tliem  in  the  construction 

of  the  cradle.    The  bed  i-  given  by  a  screw  worked  by  hand. 

A    S-inch    drill    unmounted   weighs  about  210  lbs.,  and  a  o^-inch 

ab<.ut  280  :    . 

BickL     Drill.     Thil   drill,   shown    in    Figs.   Jo*   to   1G,   Plato   'M ', 
Km  I  the  Clan  of  machines  in   which   the  valve   is   worked  by 
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air  pressure.  The  valve  V  is  made  in  one  piece,  in  the  form  of  a 
small  double  piston  with  two  wide  annular  grooves  turned  in  it  for  the 
passage  of  air  to  and  from  the  main  cylinder ;  it  has  a  travel  of  only 
about  an  inch  inside  its  cylindrical  chest,  for  covering  and  uncovering 
the  air  ports  in  the  main  cylinder.  The  travel  is  produced  by  means 
of  the  main  piston,  which  has  a  wide  annular  recess  turned  in  it  midway 
between  its  two  ends.  The  piston  covers  and  uncovers  alternately  two 
small  exhaust  ports  leading  from  the  ends  of  the  valve-chest.  When 
either  of  these  ports  is  uncovered  by  the  annular  recess  in  the  main 
piston,  the  air  at  that  end  of  the  valve-chest  exhausts,  and  the  air 
pressure  acting  on  the  opposite  end  of  the  piston-valve  shoots  it 
into  its  proper  position  for  admitting  air  pressure  into  the  drill 
cylinder. 

In  order  to  prevent  the  great  wear  and  tear  of  the  cradle, 
consequent  upon  continuous  use,  it  is  armoured  with  two  light 
rubbing  bars  of  steel  of  angular  section,  which  extend  the  whole 
length  of  the  cradle  and  are  secured  thereto  by  bolts  passing  through 
oblong  holes  in  the  cradle ;  they  are  adjusted  by  means  of  four 
bolts,  which  are  tightened  up  for  drawing  them  together  when 
necessary.     These  wearing  pieces  can  be  renewed  at  any  time. 

The  design  of  this  drill  lends  itself  readily  to  the  construction 
of  a  light  machine.  The  3J-inch  drill  unmounted  weighs  about 
280  lbs. 

Ingersoll-Mayne  Brill— hi  this  drill,  Figs.  17  to  21,  Plate  38, 
made  by  Messrs.  Le  Gros,  Mayne,  Leaver  and  Co.,  a  positive 
motion  is  retained  for  the  valve,  while  at  the  same  time  all 
moving  parts  between  the  piston  and  the  valve  are  done  away 
with.  As  show  n  in  Fig.  18,  the  valve  V  itself  is  placed  in  direct 
contact  with  the  piston,  by  which  it  is  actuated.  Midway  in 
the  length  of  tho  piston  is  a  wide  annular  recess  having  a 
gentle  inclined  plane  at  each  end.  The  intervening  annular  space 
round   the  middle  of  the  piston   forms    the  chamber  into   which   the 

am  or  air  is  first  admitted.  The  valve  V  is  over  tin's  middlo 
portion,  and  is  in  the  form  of  a  segment  of  a  circle,  fitting 
accurately  against  a  cylindrical  lace  in  the  valYe-chest,  the  avis  of 
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this  face  being  at  right  angles  to  that  of  the  drill  cylinder.  In  the 
outer  face  of  the  valve  is  provided  a  pair  of  recesses  properly 
proportioned  for  admitting  the  air  past  the  valve  to  the  ends  of  the 
cylinder  alternately.  The  air  being  admitted  into  the  middle 
chamber  of  the  cylinder  through  the  inlet  I,  Fig.  21,  presses  the 
valve  outwards  and  close  up  against  its  cylindrical  face ;  and  the 
piston  being  at  one  end  of  its  stroke,  the  other  end  of  the  valve  has 
been  raised  by  the  inclined  plane,  and  the  valve  has  been  rotated 
over  its  curved  face,  to  a  sufficient  extent  to  open  the  port  for  the 
admission  of  the  air  to  the  end  of  the  cylinder.  The  piston  is 
thereby  caused  to  make  its  stroke,  and  in  so  doing  it  reverses  the 
valve  by  means  of  the  other  inclined  plane.  At  the  same  time  that 
the  admission  is  taking  place  to  one  end  of  the  cylinder,  the  opposite 
end  is  open  to  the  exhaust  E  through  the  other  recess  in  the  back  of 
the  valve.  It  will  thus  be  seen  that  the  only  moving  pieces  are  the 
pi  b  ton  and  the  valve. 

For  better  securing  the  drilling  tool  to  the  piston-rod,  as  shown 
in  Figs.  19  and  20,  a  socket  adapted  to  the  shank  S  of  the  tool  is 
bored  in  the  enlarged  head  H,  which  is  forged  solid  on  the  end  of 
the  piston-rod  ;  and  the  shank  is  firmly  gripped  in  the  socket  by  a 
chocking  block  B,  tightened  by  a  U  shaped  staple  or  clamping 
bolt  C. 

Afl  tl .<•  piston,  piston-rod,  and  tool-holder  are  all  one  forging,  the 
front  cylinder-cover  lias  to  be  made  in  two  parts,  which  must  be  so 
put  together  as  to  be  air-tight  and  to  receive  the  packing    gland. 

shown  in  FigB.  17  and  18,  the  front  cover  is  made  in  two  halves 
to  fit  the  cylinder,  and  has  a  conical  prolongation,  round  which  is  fitted 
a  conical  .-'<<  !  ring  K.    The  smaller  end  of  the  ring  is  large  enough  to 

b  it  for  insertion  into  the  cylinder;  and  the 
riii;  .ii  (>]>\>o  >,  for  tic  bolts  Becnring  it  to  tlic  cover  at 

the  back  end  of  tl.«  cylinder.    This  method  of  fixing  the  back  and 

front  cylil  by   tie  bolts   forms   a    farther   security  against 

injury,  in  addition  to  the  buffer  rings  which  are  inserted  in  the  ends 

oftheeyl::  |    the   covers.      Tlie   front  cover  is  bored  out 

farm   ■  itaffin  into   which   the  gland  is  screwed  in  two 

halves. 
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The  rotation  of  the  drill  is  provided  for  by  means  of  a  rifled  bar 
and  a  ratchet  wheel  having  double  spring  pauls,  the  latter  protected 
by  being  placed  within  the  back  cylinder-cover.  The  drill  cylinder 
is  3  inches  diameter  and  6  inches  stroke,  and  the  weight  of  the 
machine  unmounted  is  230  lbs. 

Daw  Drill. — In  this  drill  a  simple  piston-rod,  having  an  ordinary 
piston-head,  is  caused  to  reciprocate  by  a  slide-valve  worked  by 
the  air-pressure.  A  drill  3  inches  diameter  with  5  inches  stroke 
is  only  20  inches  long ;  and  when  mounted  on  a  cradle  to  give  a 
feed  of  20  inches,  it  weighs  with  the  cradle  less  than  190  lbs.  In 
the  working  of  rock  drills  in  which  the  valve  is  moved  by  the  air 
pressure,  trouble  is  often  caused  when  fixing  the  drill,  by  the  valve 
dropping  into  its  central  position,  thereby  cutting  off  all  air-supply 
to  the  cylinder.  When  such  a  thing  occurs  with  this  drill,  the  valve 
can  be  pushed  off  the  centre  by  a  small  bar,  and  then  the  drill  goes  to 
work  automatically. 

Coles  Drill. — In  Figs.  22  to  25,  Plate  39,  is  shown  one  of  these 
drills  having  a  cylinder  2^  inches  diameter,  in  which  the  working 
stroke  of  the  piston  is  about  4  inches.  The  valve  is  worked 
automatically  by  the  air  pressure.  The  feed  is  by  hand.  The  drill 
is  caused  to  rotate  by  means  of  a  steel  twist-bar,  which  works  in  a 
phosphor-bronze  nut  fitted  in  the  back  end  of  the  piston  ;  a  ratchet 
wheel  with  pauls  is  attached  to  the  twist -bar,  for  ensuring  rotation 
in  one  direction  only.  The  end  of  the  piston-rod  is  bored  with  a 
conical  hole  to  receive  the  drill  bit,  and  is  strengthened  by  a  steel 
collar  fitted  round  it ;  a  cotter  hole  is  provided  for  driving  the  drill 
out.  The  front  cylinder-cover  through  which  the  piston-rod  pa- 
has  a  deep  annular  groove  turned  in  it  to  receive  the  packing,  which 
ifl  introduced  through  a  long  nozzle  X  projecting  at  one  side,  Fig.  23. 
The  nozzle  is  fitted  with  a  set-screw  which  forces  the  packing  against 
the  piston-rod.  The  advantage  claimed  for  this  form  of  stufnng-l><>\ 
is  that  there  is  no  loose  gland  to  < 1 1« » j »  out  and  damage  the  machine. 

The  principal  distinguishing  feature  of  the  drill  is  its  valve  and 
valve-box,  which  are  fitted  on   the  side  of  the  cylinder,  as   shown   in 
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Figs.  22  and  24.  The  valve  V,  Fig.  25,  is  hollow,  and  perfectly 
cylindrical  both  inside  ami  out,  its  axis  being  at  right  angles  to 
that  of  the  drill  cylinder;  the  inlet  ports  are  formed  through  the 
sides  of  the  valve,  and  it  is  reduced  in  the  centre  for  allowing  the 
exhaust  to  pass  round  the  outside.  The  valve-box  has  five  passages 
t  it  the  supply  and  exhaust  of  air,  which  form  concentric  rings  having 
parallel  sides.  The  compressed  air  passes  into  the  inside  of  the  valve 
from  one  or  other  of  the  two  outer  passages ;  and  thence  into  the 
drill  cylinder  through  either  of  the  two  adjacent  passages,  according 
to  which  end  of  the  cylinder  it  is  to  enter.  The  exhaust  takes  place 
through  the  centre  passage.  From  each  extremity  of  the  valve-box  a 
small  port  communicates  with  the  drill  cylinder,  for  exhausting  the 
air  alternately  from  either  end  of  the  valve-box  and  thereby  enabling 
the  valve  to  be  actuated  by  the  pressure  on  the  other  end.  Both  the 
valve  and  the  valve-box  are  made  of  No.  7  alloy  of  phosphor-bronze, 
this  metal  being  found  the  most  suitable  for  strength,  lightness,  and 
evenness  of  texture. 

The  advantage  claimed  for  this  construction  of  valve  and 
valve-box  is  that  their  cylindrical  form  allows  of  excellence  in 
manufacture.  The  valve  being  perfectly  cylindrical,  symmetrical 
in  shape,  and  uniform  in  thickness,  can  be  turned  exactly  parallel 
and  true ;  and  the  valve-box,  having  its  passages  constructed  to 
form  parallel  concentric  grooves  uniform  in  shape  all  round,  can 
bored  exactly  parallel  and  true  by  means  of  a  double-ended  cutter, 
■  perfection  impossible  where  there  are  ports  in  one  side  of  its 
cylindrical  surface  and  not  in  the  other.  On  this  account  the  valve 
' -an     be     made     to    tit     the    valve-box    with    great    accuracy.       The 

snpplementary  exhanst  ports  through  the  body  of  the  drill  cylinder 

the  YaWe  are  drilled  through  it  after  the  cylinder  has 

not  to  interfere  with  the  perfect  evenness  of  the 

bore.    rJ  he  action  of  the  valve  is  very  simple.    A  little  air  is  always 

md  the  valve  and  aoonmnlating  in  each  end  of  the  valve- 

boi  ipplementary  exhaust  ports  from  the  ends 

the  diill  cylinder  at  a  short  distance  f OM  and 

aft  of  the  middh  oi  it    length, Fig. 22,  and  each  in  the  same  transverse 
•ion  is  another  port  which  is  permanently  open  to  the  exhaust. 
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Each  pair  of  the  fore  and  aft  ports  is  covered  by  the  body  of  the  piston 
during  the  greater  part  of  its  stroke,  whereby  any  communication 
between  the  two  ports  in  each  pair  is  prevented  ;  but  when  the 
piston  is  nearing  either  end  of  its  stroke,  a  wide  annular  groove 
turned  in  the  opposite  end  of  its  length  forms  a  communication 
between  the  corresponding  pair  of  ports,  thus  allowing  the  air  to 
exhaust  from  one  end  of  the  valve-box ;  and  as  the  other  end  is  under 
pressure,  the  valve  at  once  flies  over  and  reverses  the  motion  of  the 
drill  piston.     The  drill  unmounted  weighs  168  lbs. 

Hathorns  "  Eclipse "  Drill. — In  this  drill,  shown  in  Figs.  26 
to  28,  Plate  40,  the  valve  is  worked  by  the  air  pressure,  and  its 
reversal  is  effected  by  the  drill  piston,  which  performs  the  function 
of  a  D  slide-valve  for  the  purpose.  The  valve  is  itself  a  D  valve 
sliding  on  a  cylindrical  face,  and  having  on  each  end  a  piston  cast 
in  one  piece  with  it.  The  air  pressure  is  admitted  into  the 
annular  space  between  the  two  valve-pistons  and  on  the  back  of 
the  valve.  The  drill  piston  is  more  properly  a  pair  of  pistons, 
with  a  long  annular  groove  or  recess  between  them,  which  is 
open  to  the  exhaust ;  the  motion  of  the  piston  causes  the  recess  to 
uncover  alternately  two  small  ports,  which  communicate  crosswise 
with  the  extremities  of  the  valve-chest,  that  is,  the  bottom  port 
with  the  top  end  and  the  top  port  with  the  bottom  end  of  the 
valve-chest.  Tins  when  the  drill  piston  is  nearing  the  top  end  of  the 
cylinder,  the  bottom  end  of  the  valve-chest  is  open  to  the  exhaust 
through  the  upper  small  port;  and  the  lower  small  port  being  at  thai 
time  covered  by  the  body  of  the  drill  piston,  the  valve  is  reversed  by 
the  air  pressure  Wiring  past  the  upper  valve-piston  into  the  closed 
-pace  behind  it,  while  the  leakage  past  the  lower  piston  is  free  to 
,ipc  to  tlie  exhaust.  The  air  pressure  being  thus  admitted  ujkui 
the  top  of  the  drill-piston  through  the  upper  main  p  »rt  produces  the 
downward  or  outward   Btroke  of  the  drill,  giving  the  blow.     The 

reversal  of  the  valve  tor  the  backward  or  return  stroke  takes  plaee  in 

exactly  the  same  way.    The  rotation  of  the  drill  in  the  return  stroko 

'fleeted  in  the  usual  manner  by  means  of  a  ratchet  wheel  and 
rilled  bar.  The  drill  eylimh  I  is  '■',  inches  diameter  and  1'.  inches 
Btroke  ;  and  the  weight  of  the  machine  uninountt  d  is  264  lbs. 
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IngenoR  Hand-Power  Drill. — This  consists  of  a  strong  cast-iron 
cylinder,  shown  in  Figs.  29  to  34,  Plates  41  and  42,  in  which  works  a 
steel  rod  R  in  place  of  a  piston-rod,  carrying  the  drilling  tool  at  its 
outer  extremity  by  means  of  a  suitable  clip.  Across  the  cylinder  at 
about  midway  in  its  length  is  fixed  a  shaft,  carrying  two  flywheels  W 
with  bandits,  and  two  hardened  steel  cams  C,  each  of  which  has  three 
points,  Fig.  31,  thereby  producing  three  blows  at  each  revolution.  As 
the  cams  revolve  they  alternately  lift  and  release  a  steel  cross-head  H, 
which  is  fixed  by  a  collar  on  the  working  rod  E  and  projects  on  each 
side  of  the  cylinder,  and  is  surmounted  by  a  strong  volute  spring 
enclosed  in  the  cylinder.  The  spring  is  compressed  by  the  lifting  of 
the  cross-head,  and  its  recoil  on  release  produces  the  blow,  which  is 
delivered  dead  on  the  stone  without  shock  to  the  men.  The  spring 
ordinarily  supplied  for  a  drill  to  be  worked  by  two  men  is  compressed 
to  200  lbs.,  and  produces  with  the  momentum  of  the  working  rod  and 
drill  a  blow  of  about  300  lbs.  Springs  of  different  powers  however 
are  easily  inserted,  enabling  the  machine  to  be  adjusted  to  the 
strength  of  the  men  working  it.  From  60  to  100  revolutions  of  the 
flywheels  can  bo  made  per  minute,  producing  three  times  that 
number  of  blows ;  and  by  an  electric  motor  as  many  as  120  revolutions 
per  minute  can  be  made.  The  rotation  of  tho  drill  is  provided  for 
by  a  ratchet  wheel  with  oblique  teeth  fixed  on  the  working  rod, 
1  and  33,  into  which  engages  a  long  oblique  spring-blade  or 
bather-]  an]  J\  shown  dotted  in  Fig.  34,  fixed  in  the  thickness  of  tho 
cylinder,  whereby  a  partial  turn  is  produced  in  tho  backward  stroke ; 
while  in  the  forward  stroke  the  rod  goes  free,  without  any  impediment 
to  the  blow.  The  turning  mechanism  being  contained  within  the 
cylindi  r  it  proto  <■'<  d  from  dirt  and  grit. 

The  anton  1  is  effected  by  the  tail  end  of  tho  working  rod, 

which  through  the  back  cylinder-cover,  and  is  tapered  oil' in 

■  com  tremity,  Pigs.  29  and  .'50.    As  the  work  progresses, 

thi  ones  within   the  cover,  and    permits  the  inward 

all  radial  lever  L,  to  which  is  jointed  a  paul  that 
1 1  nut  running  on  the  feed-screw.    In  the 

kward  "1'    the   Working    rod,    its    thicker    part   below    the 

ooi.'  lever    outwards,  whereby  the    paul   is  thrust    into 
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the  ratchet,  thus  giving  it  a  turn  on  the  screw  and  feeding  the 
machine  forwards.  This  feed  adapts  itself  exactly  to  the  rate  of 
penetration.     It  can  be  thrown  out  of  gear  when  desired. 

The  length  of  the  stroke  is  3  J  inches,  and  the  weight  of  the 
machine  is  300  lbs. 


Bromfield  -  Ingersoll  Hand  -  Power  Drill.  —  The  distinguishing 
feature  of  this  drill  is  that  no  weights  are  necessary.  The  recoil  is 
taken  up  by  a  conipensating-lever  mechanism,  which  causes  the  blow 
to  be  delivered  with  an  increasing  velocity,  at  any  angle  of  work. 

Trials. — The  drills  above  described,  with  one  or  two  others,  were 
subjected  to  a  competitive  trial  at  the  Mining  Exhibition  in  October 
last ;  and  the  Tables  appended  give  the  results  obtained.  These 
results  will  be  better  understood  in  connection  with  the  following 
extract  from  the  judges'  official  report  on  the  trials  : — 

"  We  thought  it  expedient  that,  as  a  standard  of  comparison  with 
the  hand-power  drills,  a  hole  should  be  bored  with  mallets  and 
chisels,  two  men  striking  and  one  holding  the  chisel.  This  was  done 
on  the  11th  of  October,  after  the  conclusion  of  the  power-drill  trials. 
All  the  trials  were  made  on  a  block  of  granite,  8  feet  by  6  feet  and 
22  inches  deep,  firmly  fixed  on  a  bed  of  concrete. 

"  The  air-power  drills  were  supplied  with  compressed  air  at  a 
pressure  of  from  60  lbs.  to  70  lbs.  per  square  inch,  commencing 
always  at  70  11<-.  or  as  near  thai  pressure  as  was  possible  ;  and  in  no 
case  did  a  ferial  begin  at  more  than  72  lbs.,  or  finish  at  less  than 
62  lbs.  The  average  pressure  in  all  the  trials  varied  only  from 
65  to  68 J  lbs.  The  pressure  was  recorded  every  half  minute.  A 
meter  was  placed  on  the  pipe  leading  from  the  air  receiver  to  the 
drill  The  pipe  was  '2  inches  diameter  up  to  a  few  feet  past  the 
meter  ;  and  to  the  cud  of  this  pipe  the  drill  supply-pipe  was  coupl  1. 
The  following  Table  1  is  a  record  of  observations  taken  during  the 
trials.  It  was  evident  that  the  meter,  although  apparently  worki 
well  when  a-  much  as  20  onbic  feet  of  air  was  passing  per  mis 
could  not  be  relied  upon  for  smaller  quantities;  and  accordingly  a 
test  of  the  meter  was  made  by  Mr.  Dayeyon  the  11th  of  October, 
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after  the  trials,  and  it  was  found,  as  anticipated,  that  for  small 
quantities  of  air  it  was  not  correct ;  but  for  the  quantities  recorded 
in  the  tables  of  results  the  readings  might  be  taken  as  relatively 
correct. 

"  It  is  important  to  observe  that  the  drills  which  did  the  greatest 
quantity  of  work  in  the  given  time  did  also  the  greatest  quantity  of 
work  i>ev  cubic  foot  of  air  used,  as  far  as  could  be  ascertained ;  this 
is  seen  from  Tables  2  and  3." 

Air  Meter. — This  was  lent  by  Messrs.  J.  Tylor  and  Sons,  and 

was  in  fact  one  of  their  inferential  water  meters  described  at  a  former 

meeting  (Proceedings  1882,  page  41),  applied  in  this  case  to  the 

measurement  of  air  instead  of  water.      It  is  shown  in  horizontal 

1  vertical  sections  in  Figs.  37  and  38,  Plate  43.     In  its  passage 

through  this  meter  it  will  be  seen  that  the  air  is  never  brought  to 

i  *  st,  and   receives   no   check   in   its  flow  from   inlet   to  outlet  ;   it 

simply  turns  a  fan  F  connected  with  a  counter  N.     After  passing 

through  a  fine  strainer  for  freeing  it  from  dust,  the  inlet  air  enters 

through   two   oblique   slots   S   in   the   fan-case  C,  which   direct    it 

upon    the    fan-blades    almost    tangentially   to    the    circle   of  their 

rotation.     After  striking  the  blades  it  rises,  and  passes  out  through 

openings  above  the  fan,  on  its  way  to  the  outlet.     The  tips  of  the 

bladi  B  revolve  so  close  to  the  fan-case  that  no  current  can  escape 

I  them.     Moreover  on  the  inside  of  the   case  are  cast  vertical 

rogations  or  slight  ribs  at  frequent  intervals;  these  form  vortex 

.  which   act  as  brakes,  and   ensure  accuracy  of  registration 

throughout  a  wide  range  of  speed ;  they  also  bring  the  fan  to  rest 

the  no  8.     Between  the  upper  side  of  the  fun  and  the 

I  i        Iderable  space  is  left,  in  which  arc  arranged 

a  omul  adial  rib.-  with  horizontal  projecting  ledges  L.    By  those 

-rtion  of  the  outgoing  air  i   deflected  back  upon  the  fan  blades,  to 

the    Velocity   of  the    flow    increases;    and    this 

•    valuable   in    rendering    the    meter 

»th    at    high    and    at    low  velocities.      The    fan    is    made  ot 

sphor-broi  /.<  ,i  arefully  balanced  ;  the  blades  are  twisted  in 

'  mately,  SO  as  to  avoid    thrust  either  upwards 
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or  downwards.  It  runs  on  a  pivot,  which  rises  from  the  base  of  the 
fan-case,  and  enters  a  hole  in  the  fan-boss ;  the  top  of  the  hole  is 
jewelled  to  bear  on  the  top  of  the  pivot.  The  joint  between  the 
outside  of  the  fan-case  and  the  outer  casing  surrounding  it  is  made 
air-tight  with  an  india-rubber  washer  I.  The  connection  between  the 
fan-spindle  and  the  counter  N  is  through  worm  gearing,  which  works 
with  little  friction. 

General  Observations. — The  principle  of  machines  for  rock  drilling 
is  that  which  has  from  time  immemorial  been  all  along  recognised  in 
hand-drilling ;  namely  a  succession  of  blows  given  to  a  chisel,  which 
is  partially  rotated  between  each  blow.  In  hand-drilling,  the  chisel 
is  held  in  position  and  rotated  by  one  man,  whilst  another  strikes  the 
blow  after  the  partial  rotation  of  the  chisel  by  the  man  who  holds  it. 
There  is  also  the  method  of  drilling  by  means  of  what  is  called  a 
jumper,  that  is,  a  long  heavy  bar  with  chisel  end,  which  is  jumped  up 
and  down  in  the  hole  by  one  man  who  also  rotates  it.  It  is  clear 
that  after  a  blow  has  been  given  the  chisel  must  be  raised  before  it 
can  be  rotated.  In  machine  drills  it  became  mechanically  simple  to 
effect  the  double  operation  of  raising  the  chisel  and  rotating  it,  by 
attaching  the  chisel  to  the  hammer  and  providing  the  latter  with 
means  of  rotation. 

In  hand-drilling,  the  blow  is  what  may  be  termed  a  dead  blow ; 
that  is,  no  part  of  the  blow  is  taken  up  by  any  spring  or  cushion 
Ik  tween  the  hammer  ami  its  work.  In  those  machine  drills  in  which 
the  hammer  ifl  its  own  valve,  the  air  for  effecting  the  return  stroke  is 
Admitted  in  front  of  the  hammer  before  the  blow  is  actually  struck  j 
and  in  the  other  machines  in  which  the  air  is  admitted  through  a 
subsidiary  valve,  there  is  the  Bame  action  when  the  valve  is  worked 
by  a  tappet,  although  when  it  is  moved  by  air  the  inertia  of  the  valve 
tend-  to  modify  the  effect,  by  delaying  the  moment  of  admission  of 
air  for  the  return  Btroke.  It  is  clear  therefore  that  machine  drilling 
is  possible  with  quick  strokes  only,  so  quick  that  cither  the 
momentum  of  the  hammer  shall  overcome  the  air  resistance  at  the 
moment  of  striking  the  blow,  ox  thai  the  blow  shall  be  Btruck  before 

the  air  IS  admitted  in  front  of  the  hammer,  the  admission  having  l>e<  n 
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retarded  by  the  inertia  of  the  valve.  With  the  original  Nasmyth 
steam-hammer  a  dead  blow  was  produced  by  means  of  a  small  kicker 
or  w«  ighted  lever,  centred  on  the  face  of  the  hammer  head  and  held 
up  by  a  spring.  At  the  instant  of  striking  the  blow,  the  momentum 
of  the  weighted  lever  compressed  the  spring,  and  the  kicker  or 
tail  of  the  lever  communicated  its  motion  to  the  steam  valve, 
which  thereupon  admitted  steam  for  lifting  the  hammer  again.  This 
principle  does  not  appear  to  have  been  made  use  of  in  rock-drilling 
machines,  probably  for  good  reasons;  but  the  example  serves  to 
illustrate  the  nature  of  the  difference  between  a  dead  blow  and  that 
commonly  given  by  these  machines. 

Turning  to  the  actual  results  of  the  work  done  by  the  rock- 
drilling  machines  which  were  tried,  it  is  difficult  to  form  any  broad 
and  general  conclusions  as  to  the  efficiency  of  the  different  drills,  as 
this  may  be  connected  with  variations  in  the  principles  and  details 
of  the  valve  mechanism  employed.  What  really  does  appear  is 
that  the  important  points  are  purely  of  a  jiractical  nature;  and  the 
following  may  be  profitably  discussed  : — mechanical  details ;  certainty 
of  action ;  weight  of  mechanism  in  relation  to  durability  and 
portability. 

The    mechanical  details  have   already  been   described,   and  are 

illustrated  by  the  drawings  and  machines  exhibited.     In  certainty 

action  it  did  not  appear  at  the  trials  that  there  was  any  practical 

diffi  i    the  valves  moved  by  air  and  those  worked   by 

tap] 

Ac  I        eight  oi*  machine  for  a  given  size,  it  is  of  course 

light  as  possible;,  for  the  sake  of  portability; 

but  coi  the  rough  usage  to  which  a  rock  drill  most  necessarily 

of  parts  is  still  more  important.     In  the  trials 

i  therefore  heavy  machines  were  those  which  did  the 

i  Ly  the  i   with  3£-inch  cylinder,  weighing  from  280  to 

.  each  (Table  1).    The  8-inch  machines,  weighing  from  l'JO  to 

Lb  ..  <l  work.    There  whs  only  one  2£-inch  machine  tried, 

full   eapabilil  unfortunately    not  properly  tested, 

•  rottled  at  tlic  inlet  cock'.     Small  and  therefore 

do  doubt  required,  and  are  serviceable  fox  certain 
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classes  of  work ;  but  for  quarry  work  the  larger  machines  would 
appear  to  be  superior.  The  stability  of  the  machines  which  were  tried 
on  the  quarry-bar,  Figs.  35  and  36,  Plate  42,  was  added  to  by  the  fact 
that  there  were  always  four  drills  on  the  bar  during  the-  trials,  while 
only  one  was  at  work  at  a  time  ;  but  in  the  tripod  trials  each  drill 
was  provided  with  its  own  tripod  without  any  additional  weights 
whatever.  In  all  the  trials  the  holes  were  vertical,  or  as  nearly  so  as 
practicable. 

As  was  pointed  out  in  the  judges'  report,  the  failures  which 
occurred  in  some  of  the  trials  might  or  might  not  have  resulted  from 
defects  in  the  machines.  Where  the  cause  of  failure  could  be  seen, 
it  has  been  noted  with  the  rest  of  the  results  in  Table  1  ;  and  in 
Tables  2,  3,  and  4,  the  mean  results  are  summarised,  and  the  sizes 
and  weights  of  the  machines  are  given. 

From  the  particulars  of  the  work  done  by  the  hand-power 
machines,  it  does  not  appear  that  these  are  equal  in  efficiency  to  the 
hand-hammer  in  drilling  vertical  holes.  The  first  machine  with  two 
men  drilled  a  lj-inch  hole  12*37  inches  deep,  having  a  capacity  of 
16  *  G9  cubic  inches,  in  17  minutes ;  whilst  three  men  by  hand,  two 
striking  aud  one  holding  the  chisel,  drilled  a  somewhat  larger  hole 
22  inches  deep,  having  a  capacity  of  27*64  cubic  inches,  in  181 
minutes.  In  this  comparison  no  allowance  is  made  for  the  labour 
of  moving  and  fixing  the  machine. 

In  conclusion  the  authors  wish  to  express  their  thanks  to  the 
various  competitors  who  have  so  kindly  supplied  drawings  aud 
information  for  enabling  this  paper  to  be  compiled. 
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TABLE  1  (continued  on  opposite  page). 

Trials  of  Bock  Drills,  1th  and  9th  October  1890. 


Name 

of 
Drill. 


No. 

of 
hole. 


Form 

of 

cutting 

edge 

of 
drill. 


Diana. 

of 

Cyl. 

Inches. 


Diameter 
of  Drill. 


At 

start. 

Inch. 


At 
finish. 

Inch. 


Size  of  Hole. 


Depth. 
Inches. 


Volume. 
Cubic 
Inches. 


P<  "■'  /•  Drills  driven  with  Compressed  Air.    Drills  mounted  on  a  Bar. 


Coles 


Daw. 


■{ 


Climax  . 

•{ 

Bickle   . 

•I 

M 

■{ 

Eclipse  . 

{ 

I  into 

■{ 

1 

10 

2 
11 

3 

9 

4 
8 

5 

6 

7 
1G 

12 
17 


: 

2J 

1-25 
1-25 

1-19 
1-19 

4-31 
775 

6- 
10- 

— 

3 

1-50 
1-50 

1-37 
1-31 

12-37 
13-06 

21- 
22- 



3£ 

1-75 
1-75 

1-69 
1-69 

3-06 
11-50 

7- 
29- 



3£ 

1-81 
1-81 

1-75 
1-72 

8-00 
18-06 

21- 

48- 

+ 
+ 

3 

1-53 

1-53 

broken 
broken 

4-50 
10-87 

7- 
18- 

3 

1-53 
1-53 

1-50 
1-50 

12-62 
13-87 

25- 
26- 

— 

3£ 

181 
1-81 

1-75 
1-75 

13-94 
15-50 

37- 
42- 

04 
59 

94 
46 

77 
37 

25 

03 

77 
42 

92 

78 

15 

85 


/'    <  <  /•  Thills  driven  with  Compressed  Air. 


13 
19 

+ 
+ 

Ecli] 

14 
18 

— 

i.\    'i 

.1 

•u  i 

- 

L-56 

1-56 


50 

50 

87 
81 


Drills  on  Tripods 

1-53        4-00         8 
1-53         4-50         9 


1-47 
1-44 

I   si 
1-78 


1600 
14-50 

18*94 
l  1*56 


30 
27 

39 
41 


64 
93 

75 
21 

96 
47 


Hand-Power  Drills. 


!,i;<  Ld-Ingersoll  i 

worJ.'  <l  l-y  t  ■.',<,  men  / 
1  ruoll  .  .  .  \ 
worked  br  two  men  ( 


- 

1-25 

1-19 

12-37 

— 

1-28 

I'll) 

not; 

16-69 
14-03 


bored  by  Hdndt  two  men  itriking  and  one  holding  chisel. 

Hal  i    -,-i  -i.or.        . 


1-.T7 
1*25 


25 
06 


122-00       27-64 
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(concluded  from  opposite  page)  TABLE  1. 
Trial*  of  Rock  Brills,  1th  and  9th  October  1890. 


Actual 

Working 

Time. 

Air  used. 

Remarks. 

No. 

of 

Total 
Volume. 

Aver;  _ 
Pressure. 

bole. 

Seconds. 

Cubic 
Feet 

Lbs.  per 

Bq.  inch. 

Time  aUotoe 

d,  Tico  minutes  each  hole. 

l 

10 

2 
11 

120 
127 

100 
120 

G5£ 
67* 

40             65J 
44             67  [ 

Good  run  ;  no  hitch. 

°"               °*       [drill  ran  out  of  guide. 
Good  run  ;  drill  struck  once  with  hammer; 
Good  run;  drill  .struck  once  with  hammer. 

3 
9 

100 
120 

41 
4G 

65} 
65f 

Drill  dropped  out  ;  stopped  for  20  seconds. 
Good  run;  no  hitch.                               Tston 
Flexible  air-pipe  haded  and  broke, causing 
Good  run  ;  no  hit  eh. 

4 
8 

GO 
120 

25 
59 

GH 

G5 

5 
G 

7 
1G 

30 
95 

120 
120 

31 

15 

35 

G73 
68} 

67} 

G8i 

Machine  stuck;  drill  broken. 

Machine  stuck  and  drill  splintered  after 

r,      ■,                 ,  .,  ,       [working  95  seconds. 
Good  run  ;  no  hitch.     L 

Do.             do. 

12 
17 

120 
120 

62] 
59 

67} 

66} 

Good  run  ;  no  hitch. 
Do.              do. 

Time  attorn 

d,  Tlco  minutes  each  hole. 

13 
19 

120 
[20 

12 

64J 

Machine  would  not  work  regularly. 
Do.                       do. 

14 
L8 

120 
120 

16 

as 

66 
66 

Good  run  ;  no  hitch. 
Do.             do. 

15 
20 

120 
120 

60 

( '• 1  run  ;  do  hitch. 

Do.            do. 

T  ne  oUouh 

r/,  Twenty  minutes  each  hole, 

Minntet  17    J 

Minut.s  10     .[ 

Beya  per  min.,  taken  al  interval*,  116,86,100.  Stopped  1}  min.  al 
end  of  1 1  mina.  for  another  drill ;  <•<  aaed  work  at  end  of  18}  mina. 

Reva  per  min., taken  al  intervals,            36.     Stopped  3  j  mins. 
at  end  of  '-<\  mina.  t""r  another  drill;  worked  for   1|  min.; 
then  ccaaod  becanae  drill  was  do!  true  with  hole. 

'/"  iu  allotPi 

'/.   Twi  nt 'J  iii in nt>  $, 

Minutei  L8 

I  .'i  drills  U-.  •!.    1  me  ftrtt-olaai  man,  two  nol  very  praotiai  ■!. 
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TABLE  2. 

Mean  Results  of  Drilling  the  Two  Holes  in  Table  1 
in  tliiic  allowed  of  Two  minutes  each. 


Name 

of 
Drill. 

I  'rill 

on 
Bar 

or  ou 
Tripod. 

Depth  < 

Irilled. 

Volume  drilled. 

Aii- 
used 
per 
minute. 

Granite 

bored 

per 

cub.  foot 
of  Air. 

Pat 

Total.       f ei. 

1  minute. 

Per 

Total.         .  C1. 
minute. 

Rio  Tinto 

{ 

Bar 

Tripod 

Ii 

29 

28 

is. 
43 
50 

Ius. 
7-35 
7-12 

Cub.  Ius.  Cub.  Ius. 
80-00     20-00 
81-43     20-35 

Cub.  Ft. 
30-4 
307 

Cub.  Inch. 
0-658 
0  664 

Bickle 

Bar 

26 

06 

6-51 

69-28      17-32 

21-0 

0-824 

Eclipse 

{ 

Bar 

Tripod 

2G 
30 

50 
56 

6-62 
7-64 

52-70     13  17 
57-96     14-49 

20-0 
23-0 

0-658 
0-630 

Daw   . 

J  Jar 

25 

43 

6-35 

44-40     11-10 

20-6 

0-538 

Climax 

Bar 

14 

56 

3-64 

37-14       928 

21-8 

0-426 

Ingenoll- 
llayne 

{ 

Bar 
Tripod 

15 

8 

37 
■56 

3-84 
2-14 

26-19       6-54 
18-57       4-64 

— 

: 

Coles . 

Bar 

12 

•06 

3-01 

16-63       4-15 

— 

" 

TABLE  3. 
Results  of  J  hilling  the  best  of  the   Two  Holes  in  Table  1. 


Name 
of 

Drill. 


Drill 

on 

Bar 

or  on 

Tripod. 


le     . 

I      'i 

I. 

1 

D    ■   • 

I 


Bar 

i. 
i  ripod 

B 
(    Tripod 

B 

B 

B 

B 


Depth  drilled.       Volume  drilled. 


Total. 


Per 

minute. 


Total. 


Per 
minute. 


In.-. 
18-06 


In.-,. 
9-08 


(  Hi.  In.-.  (  ill-.  In.- 
48-o:;     2401 


15-60 
14-66 

7  ■  7;, 
7*28 

16-06 

6-98 

8  08 

11-60 

B  •  75 

6-68 

i  66 

5-48 

7  76 

42-83 

II  •  17 

26*78 

30-75 

29-87 
22'  16 
18*42 


21- 12 
20-78 

18-89 
15-87 

I  1-68 

Ll-28 

9-21 


A  i  r 

used 
per 

minute. 


Granite 

bored 

per 

cud.  foot 

of  A  i  i . 


Cub.  Ft. 
29-5 

80-0 

1 7  ■  6 
28-0 

28-0 

22-0 

1 5  5 


(  nli.  Inrli. 
0814 

0-726 
0-691 

0-765 
0-668 

0-688 

0-510 

0-578 
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TABLE  4. 


Sizes  and   Weights  of  Drills ;  and   Valve  motion. 


Name  of  Drill. 

Diameter 

of 
Cylinder. 

Length 
of 

Stroke. 

Weight 
of 

Machine. 

A  aire 

moved 

by 

Inches. 

Inch*  ia 

Lbs. 

Rio  Tinto       .      .      . 

?>h 

5 

308* 

Tappet 

Climax      .... 

3h 

5 

280* 

Tappet 

Bickle       .... 

Zh 

5 

280* 

Aii- 

Ingersoll-Maync  . 

3 

6 

230* 

Tappet 

3 

5 

190* 

Aii- 

2£ 

4 

168* 

Air 

Eclipse      .... 

3 

4£ 

264* 

Air 

IiiLr'-rsoll 

Eland-powei    . 

}     - 

: 

300 

- 

Bromficld-Imrersoll 
Hand-power 

}     " 

- 

- 

- 

•   With  cradle,  but  unmounted. 


Utiles  for  Sock  Drill  Competition. 

1. — Competitors  shall  mount  their  machines  on  a  bar  4  inches 
diameter,  provided  for  the  purpo 

2. — Each  machine  shall  bore  two  holes  in  a  granite  block,  one  hole 
on  each  side  of  a  centre  lino  which  will  be  marked  on  the 
block,  the  holes  being  numbered  1,  2,  3,  4,  etc.  The  number 
of   hole   which   each   machine    will   have   to   bore  will  bo 

balloted  for. 

3. — The  man  in  charge  of  each  machine  will  be  required  to  remove 
the  cylinder-end  of  his  machine,  for  enabling  the  judges  to 
measure  the  diameter  of  cylinder  I  oompetition.     The 

drills  will  also  be  measured  before  boring  commences,  and 
also  after  finish  of  hole. 

i  machine  will  be  required  to  bore  ■  bole  of  •   dian 
«  qua!  to  half  the  diameter  of  it-  cylindi  r. 

•i  a 
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5. — After  the  boring,  the  cubic  quantity  cut  will  be  measured  by 

pouring  water  into  the  hole,  or  by  such  other  means  as  the 

judges  may  think  best. 
6. — The  air  used  by  each  machine  will  be  measured  by  a  meter 

fixed  on  the  main  for  the  purpose,  and  will  be  supplied  as 

nearly  as  practicable  at  GO  lbs.  pressure  per  square  inch. 
7. — Two  minutes  will  be  allowed  for  each  drill  to  bore  one  hole, 

the  judges  giving  the  time  for  starting  and  finishing.     No 

change  of  bit  will  be  allowed  after  starting. 
8. — The  granite  block  which  is  operated  upon  will  be  railed  in,  and 

no  one  will  be  allowed  within  the  railing  except  the  judges, 

the  engineer  of  the  exhibition,  and  two  men  for  working  the 

drill  at  the  time  of  competition.      All  others,  competitors 

included,  must  keep  outside  the  fence. 
0. — In  order  that  every  one  may  have  an  equal  chance  in  starting 

his  hole,  the  stone  will  be  faced  where  the  holes  are  to  be 

1  h  -red. 
10. — Each  competitor  may  use  whatever  shape  of  bit  he  considers 

best. 
11.  — A   competition  will  also  take  place  on  trij)ods,  the  same  rules 

applying  as  regards  size  of  drill  &c.    No  weights  will  be 

allowed  except  ordinary  weights  on  legs. 
12. — Any  infraction  of  the  above  rules  will  disqualify  the  competitor 

dozing  the  whole  period  of  the  competition. 
The    decision   of   the   judges   will    be    absolutely   final   on    all 

poi] 


I  >'..  cussion, 

thibited  of  McCulloch's  **  Bio  Tinto "  drill,  the 
Bickle  and  •  and  Eft  thorn's  a  Eclipse  "  drill;  and  also  of 

'•I  with  them.    A  specimen  was  also  shown  of 
the  in£  used  as  an  air  meter,  vrhich  was  taken  to 

pieces  i  Aion  oi'  the  internal  fan-ease  and  revolving  fun. 
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Mr.  Edward  H.  Carbutt,  Past-President,  thought  the  Exhibition 

of  Mining  and  Metallurgy  at  Sydenham,  at  which  these  rock  drill 

trials  had  taken  place,  was  one  of  the  best  exhibitions  there  had  been 

of  its  kind.     It  was  a  pity  that  it  had  not  been  held  in  a  more  central 

place  in  London  ;  for  as  it  was,  he  believed  comparatively  few  people 

had  seen  it.     Every  one  who  did  see  it  must  have  been   delighted 

witli    it,  for   he  supposed   it  was   one   of  the   finest  exhibitions   of 

metallurgy  that  had   been  held  in   this  country.     All  the  colonies 

seemed  to  have  vied  with  one  another  to  make  it  a  success ;   and 

every   one   who    saw   what    they   had    produced    must    have   been 

pleased  with  the  efforts  they  had  made  in  developing  their  mineral 

resources.      The  exhibition  included  mining  machinery  as  well  as 

metallurgy ;  and  some  of  the  exhibitors  of  rock  drills  agreed  that 

they  would  have  a  competitive  trial  of  their  machines.     At  the  Royal 

Agricultural  Society's  shows,  as  was  well  known,  trials  of  engines 

and  machinery  had  been  held  for  many  years ;  and  there  was  no 

doubt   that    they  had   conferred    great   benefit   on    the    makers    of 

agricultural  machinery,  who  in  that  way  found  out  what  their  faults 

were,  and  went  on  improving  from  year  to  year.     The  drill  trial  at 

Sydenham  he  believed  was  the  first  of  its  kind  of  any  consequence 

tl iiit  had  taken  jdace  in  this  country;  and  therefore  it  could  not  be 

considered    as   entirely  perfect,  because  every  one  was  excited  and 

anxious  to  do  his  best,  and  occasionally  little  slips  occurred,  which 

perhaps  would  not  have  occurred  if  the  trials  had  taken  place  every 

IT.     In  one  case,  as  mentioned  in  Table  1,  the  flexible  air-pipe  had 

got  fouled  and  had  broken  ;  and  that  Btopped  the  trial,  and  naturally 

put  the  drill  to  a  certain  extent  at  a  disadvantage.     Taking  it  all  in 

all  however,  and  considering  that  it  was  the  first  trial  of  the  kind. 

lie  thought  all  tin-  exhibitors   must  have   been  well  satisfied  with 

the  way  in  which  it  was  carried  out.  As  far  as  he  knew,  both  Mr. 
Davey  and  himself  had  been  careful  to  note  everything  that  took 
place;  and  he  believed  everything  had  been  done  in  tho  fairest 
possible  way.     They  could   n«>t.  even    if  they  wished,  say  which  was 

the  best  drill  of  those  tried,  because  one  might  be  best  for  ono  purpose 

and   another   for  another.      But  he  thought  what  had   been   found  out 

was  that  there  were  good  points  in  almost  every  drill.    For  his  own 
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part  as  an  old  steam-hammer  maker,  lie  was  delighted  to  find  that, 
the  action  of  the  drills  being  a  steam-hammer  action,  engineers  had 
been  able  to  make  rock  drills  which  with  so  little  material  could  do 
Mich  a  large  amount  of  work.  Every  one  who  used  rock  drills  must 
be  well  satisfied  that  engineers  had  put  forth  their  best  efforts  in 
trying  to  make  rock  drills  as  perfect  as  they  could ;  and  the 
exhibitors  were  to  be  cornjdiniented  on  the  skill  with  which  they  had 
i  vercome  the  difficulties  so  far.  No  doubt  there  were  other  difficulties 
r- 1 ill  in  the  way,  and  he  believed  these  trials  would  have  a  good  effect 
in  the  future,  and  that  further  endeavours  would  still  be  made  to  do 
the  largest  amount  of  work  for  the  smallest  consumption  of  power. 
In  order  to  render  the  conrparisons  more  complete,  one  hole  had  been 
bored  by  hand  in  the  old-fashioned  way,  two  men  striking  and  one 
holding  and  turning  the  chisel,  and  the  results  were  added  in  Table  1. 
Two  hand-power  drills  had  also  been  tried,  which  did  not  work 
at  so  great  a  speed  as  the  three  men  with  the  old-fashioned  hand 
drilling.  The  latter  did  much  better  work ;  still  he  thought  even 
the  makers  of  the  hand-power  drills  would  be  glad  that  the  trials  had 
BO  made.  Although  his  own  name  was  attached  to  this  paper  as 
one  of  the  judges,  and  he  had  suggested  that  it  would  be  interesting 
to  lay  the  facts  before  the  Institution  with  a  view  to  getting  a 
ion  upon  the  subject  and  eliciting  further  information,  the 
work  had  been  done  by  Mr.  Davey,  and  the  preparation  of  the  paper 
due  to  the  trouble  taken  by  him. 

Dr.  0.  Ll   -\i  vi.   FOSTER,  H.  M.  Inspector  of  metalliferous  mines, 

i  that,  frith  respect  to  the  recent  trials  at  Sydenham  being  the  first 

trials  >>i   rock-  drilli  in  tliis   country,  lie    recollected    that  as  long 

1  567    there   had    been  a  trial  of  rock  drills  in  Cornwall  at  the 
ihition  Royal    Cornwall     Polytechnic    Society;    and    since 

that  ti.  e  had  been  various  other  trials  of  rock-  drills  in  that 

county,  including  a  competition  very  similar  to  the  presenl  at  the 
jubilee  meeting  of  the  Polytechnic  Society  in  September  1882. 
Hs  bad  1'  e  triala  that  were  held  on  the  surface  at 

..   I.'    keex  mini  in  1877,  and  at  others  a  year  ox  two  af terwardi 
at     Wheal     A^'ar,    dming    exhibitions    of    the     Mining    Institute 
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of  Cornwall.     The  trials  were  not  only  of  rock  drills  driven  by 

compressed    air,    but    comparative    tests   were   also    made    with   a 

hand-power  rock  drill  and  with  hand  drilling,  a  hole  being  bored 

by   three    men    in   the    ordinary   way.      As   to    the   value   of    the 

trials   themselves,  he    was  scarcely  inclined   to   think  that  a  mere 

trial  of  a  drill  for  a  few  minutes  in  the   open  air  above  ground 

afforded  any  useful  indications  with  regard  to  its  value  as  a  machine 

which  was  to  be  used  day  after  day  underground,  handled  by  men 

accustomed  to  treating  machines  only  in  a  rough  manner,  and  under 

conditions  where  there  was  a  great  deal  of  dirt  and  dust,  and  often  a 

great   deal   of  wet — conditions  totally   different   from   those   which 

obtained  on  the  surface.     So  short  a  trial  of  a  rock  drill  might  be 

compared  to  a  man  running  a  quarter  of  a  mile  race  on  a  spurt,  as  a 

test  for  judging  whether  he  was  capable  of  making  a  long  march  ; 

he  might  be  capable  enough  of  winning  the  short  race,  but  might  be 

altogether  unable  to  walk  from  London  to  Brighton  in  his  ordinary 

clothes  and  to  do  it  day  after  day.     Therefore  without  wishing  in 

any  way  to  prejudice  the  winners  of  the  race  in  the  competition  of 

rock  drills,  he  thought  too  much  stress  should  not  be  laid  upon  the 

fact  of  winning  in  such  a  competition.     On  the  other  hand  he  was 

delighted  that  the  recent  competition  had  taken  place,  because  it  had 

hid  the  effect  of  leading  to  the  reading   of  the  present  useful  and 

instructive  piper,  and  to  the  illustration  of  the  construction  of  several 

of  the  drills  by  means  of  the  diagrams  now  exhibited  in  connection 

with  the  piper. 

The  Presikknt  was  sure  the  Members  would  be  glad  to  hear 
some  observstions  on  this  subject  from  Mr.  J.  H.  Collins,  who  had 
formerly   been   the   Secretary   of  the    Boyi]    Cornwall   Polytechnic 

ietv.  and  had  kindly  acted  a>  joint  Eononry  Secretary  for  the 
delightful  Summer  Meeting  of  this  Institution  held  in  Cornwall  in 
187 

Bir.  J.  II.  Coixnifl  could  oorrobonte  whit  Dr.  L<    Neve  Poster 

had  -:ated  ibout  the  trial-  of  FOck  drills  in  Cornwall,  many  of  which 
had  been  on  an  extei.  lie  ;   and  he  believed   the   result  of  tl 
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trials  had  been  to  cause  rock  drills  to  be  used  much  earlier  in 
Cornwall  than  they  otherwise  would  have  been.  With  regard  to 
future  trials,  there  were  one  or  two  things  which  he  thought  might 
well  be  looked  forwards  to.  In  the  first  place,  although  there  was 
not  the  means  of  getting  any  trial  in  an  exhibition  to  compare  with 
the  trial  in  a  mine,  there  were  still  some  advantages  in  getting  up 
trials  in  connection  with  exhibitions,  and  those  advantages  were  chiefly 
concerned  with  the  getting  together  of  a  larger  number  and  variety  of 
machines.  But  undoubtedly  the  best  trial  of  all  would  be  to  choose 
some  level  underground  in  a  mine,  where  the  rock  was  pretty  even  in 
texture  and  was  much  harder  and  more  difficult  to  bore  than  granite  ; 
and  then  to  get  all  the  different  makers  to  send  their  drills  there  to 
drive  say  ten  or  fifteen  fathoms  in  that  level.  That  would  be  a  test 
which  would  be  of  great  value,  and  he  should  think  it  was  not  quite 
impossible  to  arrange  such  a  trial,  although  it  would  undoubtedly 
be  difficult  to  do  so.  Two  or  three  things  would  then  come  out, 
which  had  not  at  present  been  ascertained:  particularly  the  difference 
of  boring  holes  in  different  positions.  Some  drills  would  bore  a  hole 
downward  quite  easily,  and  their  disadvantages  did  not  appear  so 
long  as  they  had  to  bore  downward ;  but  in  general  in  a  mine  nearly 
all  boring  was  either  forward  or  upward,  comparatively  little  sloping, 
and  none  at  all  downward  except  rarely  in  a  shaft.  It  was  plain 
that  a  heavy  drill  would  have  a  much  greater  advantage  in  boring 
downward  than  a  light  one,  and  a  much  greater  disadvantage  in 
boring  upward  :  so  that,  if  the  relative  merits  of  the  present  drills 
were  to  be  decided  from  the  results  of  the  recent  contest  at 
ienham.  the  heavy  drills  would  perhaps  have  an  advantage  which 
they  ought  not  to  possess.    Then  again  in  certain  drills  some  of  the 

moving  parti  might  wear  out  quickly,  but  they  might  he  parti  which 
Id    he    easily    replaced;     and    tin's    would    of   course    ho  a   great 

perhaps  more  than  making  up  for  s  more  durable  drill  in 
which  the  pari  more  difficult  to  replace.    Moreover  it  must  aol 

alwayi  be  considered  that  the  amount  of  power  used  was  vital.    In 

■OHM   places    mini  fortunate   enough    to    he  able   to   get  their 

comj>re--e<l-air   DO  cheaply,  from    water  power  or  some  other 

natural  facility,  that   they  would  look   rather  for  ;i  bandy  drill,  which 
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could  be  moved  about  easily  and  repaired  easily  and  did  not  get  out 
of  order  quickly,  especially  since  the  time  actually  employed  in 
boring  was  always  small  as  compared  with  that  spent  in  adjusting 
the  machine  for  each  new  set  of  holes,  so  that  general  handiness 
must  necessarily  be  of  great  importance  ;  and  they  would  not  much 
consider  whether  a  drill  used  a  large  or  a  small  proportion  of  air.  A 
little  consideration  would  show  a  great  many  more  conditions  which 
should  be  laid  down  by  and  by  in  trying  to  arrange  for  more 
complete  comparative  tests  of  rock  drills. 

Mr.  George  Addy  noticed  from  Table  1  that  the  Ingersoll- 
Mayne  drill  was  the  only  one  which  used  a  cutting  tool  or  drill 
having  the  cutting  edge  in  the  form  of  a  cross  +,  whilst  all  the 
other  drills  used  the  straight  cutting  edge  —  of  an  ordinary  chipping 
chisel.  It  appeared  to  him  that  the  seeming  failure  of  the  Ingersoll- 
Mayne  drill  was  caused,  not  by  any  defect  in  the  machine  itself,  but 
by  the  cross  form  +  of  the  cutting  edge.  "Whilst  this  form  of 
cutting  edge  was  suitable  for  working  on  soft  stone,  he  believed  it 
was  altogether  unsuitable  for  working  on  granite,  or  on  hard  granite 
at  any  rate.  It  was  pretty  well  known  that  granite,  after  it  came 
from  the  quarry  and  had  been  exposed  some  time  to  the  action  of 
the  air,  was  considerably  harder  than  when  first  quarried  ;  the  granite 
used  for  paving  streets,  he  was  told  by  those  who  occasionally 
had  to  work  them,  were  considerably  harder  after  they  had  been 
down  for  a  number  of  years.  When  working  on  soft  stone  there 
was  no  doubt  that  the  cross-shaped  cutter  got  through  the  work 
considerably  more  quickly  than  the  chisel-ed^ed  drill.  It  was  a  pity 
that  the  drills  which  had  been  broken  in  the  trials  were  not  exhibited 
to  the  meeting,  as  probably  the  fracture  would  have  shown  whether 
the  quality  of  the  steel  was  at  fault  or  the  temper.  Considerable 
trouble  he  knew  was  experienced  at  times  in  getting  drills  whieh 
would  staii'l  satisfactorily. 

Mr.  Ih.\kY  J.  ( 'oi.i.s  noticed  that  in  the  first  page  of  thi'  paper  tin 
drills  exhibited  were  divided  into  three  nliwifw.  the  third  consisting  of 
ralvelesfl  drills  j  but  of  this  olass  no  Bpeounen  had  been  exhibited. 
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AmongBt  the  makers  of  drills  lie  thought  the  principal  point  for 
discussion  was  the  particular  kind  of  valve  used.  Some  eighteen 
years  a^ro  he  had  been  connected  with  the  construction  of  what  he 
believed  was  the  first  valve  ever  made  in  this  country  of  the  kind 
worked  by  air  pressure:  though  in  that  instance  it  was  worked  by 
-team.  It  had  not  been  successful  for  certain  reasons,  the  first  of 
which  he  believed  was  that  the  length  of  the  valve  itself  was  too 
great,  and  the  valve-box  was  somewhat  irregular  in  shape :  so  that, 
when  the  steam  was  admitted  into  the  valve-box,  the  latter  changed 
its  shape  slightly  with  the  heat,  and  therefore  the  valve,  in  order  to 
work  at  all,  had  to  be  made  rather  a  slack  fit.  Moreover  the  valve 
was  worked  on  the  steam-engine  principle  of  admitting  the  steam 
pressure  to  work  it,  and  it  was  supposed  that  the  exhaust  at  the 
opposite  end  would  keep  good  during  the  whole  time  of  the  stroke  ; 
but  it  was  found  that  the  leakage  past  the  slack  valve  destroyed  the 
exhaust,  and  therefore  when  the  steam  was  admitted  at  one  end  of 
the  valve  it  did  not  act,  because  there  was  no  exhaust  at  the  opposite 
end.  In  drills  of  modern  design  the  action  of  the  air-worked  valves 
depended  upon  the  opposite  principle,  namely  that  the  leakage  past 
the  valve  supplied  pressure  to  both  ends,  so  as  to  keep  the  valve 
in  equilibrium  until  the  air  was  exhausted  from  either  end,  when 
the  pressure  on  the  other  end  immediately  reversed  the  valve  ;  and 
this  had  been  the  cause  of  the  success  of  the  air-worked  valves  in 
the  present  drills.      With  tappet  drills  also  he  had  had  considerable 

arienoe,  haying  set  to  work  the  first  Ingersoll  drill  that  came  to 
this  country  :   not   the  modern  form  shown  in  the  drawings,  but  the 

_-inal  drill,  which  had  done  efficient  work.     Having  been  connected 
wii  .1  other  tappet-valve  drills,  as  well  as  with  drills  in  which 

the   vulvi:  wit-  worked   by  air  pressure,  the  conclusion  he  had  arrived 
that  the  air-worked  valve  was  the  superior  plan.     In  tappet- 
worked  drills  there  must  be  a  hard  piece  of  steel  projecting  into  the 
cylinder,  t  ack  twice  by  the  piston  for  every  blow  of  the  drill. 

It  arcely  I  .  to   nay  how  liable  a  pretty  hard  piece  of 

and  how  Liable  it  also  was  when  struck'  to  chip  and 

fly;  little  chips  then  got  into  the  cylinder,  and  prevented  the  drill 

That    could    not   occur    with    the   air-worked    valves. 
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Moreover  the  kind  of  valve  generally  used  for  tappet-worked  valves 
he  thought  was  not  likely  to  keep  its  shape  so  long  as  the  cylindrical 
form  mostly  used  for  air-worked  valves.  In  the  "  Rio  Tinto  "  drill, 
Plates  33  and  34,  he  noticed  that  the  cylindrical  form  had  been 
adopted  for  the  tappet-worked  valve,  thus  confirming  his  view  that 
any  other  than  cylindrical  valves  were  not  likely  to  keep  their  shape 
for  any  considerable  length  of  time,  owing  to  the  shocks  and  the  way 
in  which  they  worked,  which  was  not  to  be  compared  with  the 
working  of  the  valves  in  a  steam  engine.  It  might  possibly 
sometimes  happen  that  a  little  dirt  in  the  valve-box  would  stop  the 
air-worked  valve,  which  would  not  happen  in  the  case  of  a  tappet- 
worked  valve,  where  the  force  of  the  piston  acting  through  the  tappet 
would  drive  the  dirt  away  or  grind  it  in.  But  even  in  that  case  it 
was  preferable  to  remove  the  dirt  by  proper  means,  when  the  air- 
worked  valve  was  stopped  by  it,  rather  than  to  let  it  be  jammed 
along  in  the  valve-box  by  the  full  force  of  the  piston.  In  the 
description  of  the  Daw  drill  it  was  remarked  (page  147)  that  with  an 
air-worked  valve  trouble  was  often  caused  when  fixing  the  drill,  by 
the  valve  dropping  into  its  central  position,  thereby  cutting  off  all 
air-supply  to  the  cylinder.  Such  an  objection  he  thought  must  apply 
to  that  particular  design  of  drill  alone ;  for  he  had  never  found  it 
occur  in  any  other  drill  with  an  air-worked  valve. 

With  regard  to  the  feeding,  there  were  no  power  drills  exhibited 
Ol  tried  with  an  automatic  feed.  Some  time  ago,  self-feeding  drills  had 
been  much  thought  of ;  but  he  believed  it  had  been  found  that  the 
best  feeding  was  that  done  by  hand  by  an  experienced  man,  who 
there  was  no  doubt  could  by  means  of  the  feed  handle  keep  pace 
correctly  with  the  action  of  the  drill  against  the  stone ;  and  in  this 
consisted  the  true  art  of  working  a  rock  drill.  In  page  154  there 
was  a  remark  that  the  principle  of  the  steam-hammer,  which  struck 
a  dead  blow,  did  not  appear  to  have  been  adopted  in  rock-drilling 
machines  ;  but  an  experienced  driller  he  believed  would  just  find 
the   condition   under   which    the   drill   struck   its   hardest    blow,   and 

would  then  keep  the  drill  up  to  thai  condition,  which  he  could  feel 
mil  by  its  working ;  and  lie  would  not  have  recourse  to  the  cushioning 
mentioned  in  the  paper,  which  would  evidently  impair  the  action  of 
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the  drill  in  regard  both  to  the  force  and  to  the  rapidity  of  its  blows. 
Any  one  who  had  watched  the  drills  worked  in  the  trial  at  the  Crystal 
Palace  would  have  seen  what  a  difference  was  made  by  the  experience 
of  the  man  working  the  drill.  The  competition  to  a  large  extent  lay 
a  the  men  themselves,  because  so  much  depended  upon  their 
>kill.  and  one  man  could  work  a  drill  so  much  better  than  another 
could.  Another  objection  to  the  use  of  an  automatic  feed  on  rock- 
drilling  machines  was  that  it  was  necessary  to  have  a  tappet  of  some 
kind  either  inside  or  outside  the  cylinder,  which  must  be  struck  by 
the  piston  or  the  piston-rod  every  time  it  was  required  to  feed  the 
drill  forward.  That  involved  the  same  disadvantage  as  having  any 
other  tappet  in  or  on  the  cylinder  ;  it  was  likely  to  split  and  break, 
and  canae  more  or  less  damage  to  the  machine. 

With  regard  to  the  remark  made  in  page  154  respecting  his  own 

drill — that   its   full    capabilities   were    unfortunately   not   properly 

the  air  was  throttled  at  the  inlet  cock — that  was  the 

;lt  of  over-confidence  in  letting  the  drill  be  tried  without  having 

taken  the  precaution  to  overhaul  it  before  it  was  tested.     On  the  day 

of  the   trial,  when   it  certainly  worked  very  poorly  indeed,  he  had 

not  been  able  to  be  present  himself,  or  to  send  any  one  to  work  the 

drill   but  an  ordinary  fitter  from  the  shop,  having  no  miner  to  work 

it.      On  nramining  next   day  the  stopcock  which  admitted   the  air, 

found    that    the  hole    through    it  was   only  about   a   quarter  of 

an  iu«h  diameter,  admitting  scarcely  any  air  to  the  drill.     This  was 

immedi  t   right,  with  a  view  to  entering   the   drill   for  the 

tripod  competition  on  the  following  day;  which  however  could  not 

account  of  the  application  not  having  been  made  early 

Igfa    beforehand.     Still    wishing   to    have   a   fair  trial,  he  bought 

tone  from  the  exhibition  and  placed  it  in  his  own 

Sir.  Davey  to  conduct  a  trial  of  the  machine,  and 

it.  of  iti  working  under  exactly  the  same  conditions  as 

c  at  t!.<    Crystal   Palace,  with  the  only  difference  that  there  waa 

ok  on  it.  instead  of  one  that  waa  throttled.     In  this 

trial    at    hi  the  drill    Wli   -imply  worked   by  the   works 

with  the  result  thai  it  did  as  good  work  as 
it  o  oily  to  do,  although  it  might  perhaps  do  more  if  it  had 

a|in  driller  to  work  it. 
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With  regard  to  the  form  of  the  cutting  edge  of  the  drill,  he 
considered  the  chisel-shaped  edge  was  the  best,  where  there  were 
no  flaws  or  fractures  in  the  stone ;  but  in  a  different  kind  of  stone, 
of  varying  texture  and  containing  flaws,  the  chisel-point  jammed. 

With  respect  to  the  steel  itself,  he  had  always  found  that  the 
higher  the  price  paid  for  the  steel,  the  better  was  the  work  done  with 
it.  Recently  he  had  heard  of  drills  being  made  of  steel  costing  only 
18s.  per  cwt.,  which  he  was  satisfied  could  not  pay  ;  and  he  understood 
it  had  been  found  necessary  to  send  out  two  or  three  times  as  much 
of  this  cheaper  steel  as  would  have  been  required  if  the  best  steel 
had  been  employed.  The  length  of  time  that  a  drill  could  be  kept 
sharp  dej^ended  generally  upon  the  price  paid  for  the  steel. 

One  of  the  rules  laid  down  for  the  recent  competition  was  that 
the  hole  bored  should  be  half  the  diameter  of  the  drill  cylinder. 
But  such  a  stipulation  he  thought  did  not  put  all  the  drilling 
machines  exactly  on  an  equality,  because  the  weight  of  the  moving- 
parts  was  more  nearly  in  proportion  to  the  cube  of  their  diameter, 
while  the  areas  of  the  hole  and  of  the  cylinder  were  in  projwrtion 
to  the  square  of  their  respective  diameters.  In  the  larger  drills 
therefore  the  moving  part  would  have  so  much  greater  force  in 
striking  a  blow,  while  the  recoil  would  return  it  about  as  quickly 
as  in  the  smaller  drill.  In  other  respects  he  thought  the  rules  were 
satisfactory,  and  that  the  whole  trial  had  been  conducted  throughout 
in  the  fairest  possible  manner,  and  to  the  satisfaction  of  every  one 
concerned. 

Mr.  William  Schonheyder  mentioned  that  about  twenty  years 
ago  he  had  been  experimentally  endeavouring  to  improve  a  drill 
having  a  valve  worked  by  air  pressure ;  it  was  not  a  long  valve  like 
that  mentioned  by  Mr.  Coles  (page  166),  but  a  short  one,  so  that 
there  was  no  ditnculty  about  jamming  in  consequence  of  expansion. 

The  drill  was  tried  both  with    steam   ami    with  air.      The  difficulty  of 

which  Mr.  CoU-s  had  also  spoken  (page  L68),  arising  from  the  use 
<>f  a  tappet  fur  advancing  the  drill  automatically,  did  not  exist  in 
that  machine,  inasmuch  as  the  automatic  advance  was  made  by  means 
of    a   separate    feed-cylinder,   which    was   worked    from   the   main 
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cylinder:  the  moment  the  main  piston  made  a  longer  stroke,  after 
the  hole  had  been  drilled  to  a  certain  depth,  it  opened  a  port 
admitting  air  into  the  feed  cylinder,  by  which  the  drill  was 
then  advanced  on  its  stand  through  the  required  distance ;  in  that 
way  an  automatic  advance  was  obtained  without  any  striking  of 
tappets. 

It  was  interesting  to  see  the  simple  manner  in  which  in  some  of 
the  drills  exhibited  the  bit  or  chisel  was  fastened  into  the  piston-rod 
by  forcing  a  taper  shank  into  a  taper  hole.  It  was  the  same  plan 
that  was  generally  used  for  stamps,  and  he  believed  it  answered 
well.  At  the  time  of  making  his  former  experiments  he  remembered 
there  had  been  a  great  amount  of  trouble  in  holding  the  drill  in.  It 
was  generally  put  in  with  a  parallel  shank  up  to  a  square  shoulder, 
and  a  key  was  driven  in  through  a  transverse  slot  in  the  shank  and 
the  socket.  But  when  boring  in  a  hard  material,  the  drill  always 
worked  loose.  That  difficulty  seemed  now  to  have  been  overcome  by 
the  taper  shank  fitting  tight  in  a  taper  socket.  In  the  Ingersoll- 
Mayne  drill  however,  Figs.  19  and  20,  Plate  38,  the  old-fashioned 
mode  of  holding  the  drill  seemed  still  to  be  adhered  to,  with  the 
alight  modification  described  in  the  paper  (page  146) ;  and  he  should 
lie  glad  to  know  whether  it  was  found  efficient. 

As  to  how  far  the  value  of  a  drill  should  be  judged  by  the  amount 
of  air  it  consumed,  no  doubt  the  consumption  of  air  was  a  matter  of 
-aiic  importance,  just  as  in  a  steam  engine  it  was  of  importance  to 
know  the  amount  of  steam  used  ;  nevertheless  there  were  many  other 
considerations  which  also  determined  the  value  of  a  drill  or  of  an 
If  the  air  ased  in  the  drills  was  to  be  measured  at  all,  he 
would  ragged  that  in  any  future  trials  Borne  other  apparatus  should 

employed  than  the  meter  described  in  the  paper.     The  latter  was 

ordinary  inferential  kind  ased  for  measuring  water;  and  it 

i  11  Known  that,  although  it  did  good  Berries  in  measuring  water 

where  the  How  was  sufficiently  quick,  yet  when  the  How  was  sluggish 

it  became  irregular  in  ation,  and  ultimately  stopped  altogether 

!  smaller  How.     With  the  2-inch  meter  ased  in  the  recent 

TabL    2  and  8  thai  the  quantity  of  air  ranged 

:u   L5  I  ■  r  minute     Substituting  gallons  as  the 
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usual  measure  for  water,  20  cubic  feet  per  minute  were  equivalent  to 
125  gallons  per  minute,  on  7,500  gallons  per  hour.  If  these  were 
gallons  of  water  instead  of  compressed  air,  a  2-inch  meter  would  no 
doubt  register  fairly  accurately ;  but  as  the  inferential  meter  was 
worked  entirely  by  the  current  of  air  or  water  impinging  against  the 
vanes  of  the  revolving  fan,  it  must  be  ascertained  with  what  force 
the  aii-  struck  them  as  compared  with  the  water.  Taking  the  relative 
weight  of  air  at  atmospheric  pressure  and  of  water  as  1  to  820,  and 
making  allowance  for  the  air  being  compressed  say  to  60  lbs.  per 
square  inch  above  the  atmosphere  or  75  lbs.  absolute,  that  is  roughly 
a  compression  of  five  times,  the  relative  weight  of  the  compressed  air 
and  of  water  would  be  as  1  to  164  ;  and  he  thought  therefore  it 
was  fair  to  say  that  the  air  would  strike  the  vanes  with  only  about 
1-1 64th  of  the  force  of  water.  In  other  words,  the  meter  was 
worked  under  conditions  similar  to  those  which  would  obtain  if  only 
7,500  -f- 164  =  46  gallons  of  water  per  hour  were  passing  through. 
With  so  small  a  flow  of  water  an  inferential  meter  of  that  size  would 
scarcely  go  round  at  all ;  and  when  used  as  an  air  meter  the  fan 
would  in  certain  positions  let  a  corresponding  flow  of  air  pass  through 
it  without  any  measurement  at  all.  If  therefore  a  meter  of  this 
description  were  to  be  used,  it  would  be  desirable  in  future  trials  to 
employ  a  much  smaller  size,  which  would  be  amjdy  large  for  air ; 
and  a  much  more  accurate  registration  would  thereby  be  obtained 
than  was  possible  with  the  larger  meter  used  in  the  recent  trials. 
If  it  were  possible,  by  far  the  best  way  of  measuring  the  air  would 
be  to  discharge  the  exhaust  air  into  some  kind  of  gasometer,  which 
for  the  small  quantity  of  air  used  in  a  short  time  would  not  be  a  lar^e 
or  expensive  appliance,  and  would  give  accurate  measurement. 

Mr.  Carbutt  mentioned  that  neither  Mr.  Davey  nor  himself  was 
responsible  for  the  air  meter  that  had  been  used.  They  had  been 
called  in  at  short  notice  simply  to  act  as  judges,  without  being  asked 
t<>  give  any  opinion  whatever  a-  to  the  Conditions   of  the  trial  or  a-  to 

the  apparatus.  The  meter  had  been  kindly  hut  for  the  occasion  by 
the  makers,  Messrs.  Tyloi  and  Bona,  whose  partner  Mr.  Bright  was 
present,  and  would  perhaps  be  able  to  aay  something  more  about  it. 
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In  one  case  it  would  be  observed  that  the  amount  of  air  used  had 
been  Kit  out  in  the  Tables,  because  they  had  been  convinced  that 
the  meter  was  not  registering  the  amount  of  air  going  through,  owing 
in  their  opinion  to  the  slow  speed  at  which  it  was  flowing.  There 
had  not  been  either  the  opportunity  or  the  time  to  provide  a  gasometer 
f.>r  obtaining  a  positive  measurement  of  the  air  used;  the  exhibition 
hud  closed  within  a  day  or  two  of  the  trials,  and  it  had  been  a  drive 
to  set  them  done  in  time. 


- 


Mr.  Philip  Bright  explained  that  he  had  been  asked  only  two 
days  before  the  trials  were  made  to  lend  a  meter  for  registering  the 
air  used  by  the  rock  drills.  At  that  time  he  happened  to  have 
only  one  air  meter  available,  which  had  an  inlet  and  outlet  of 
:;  inches  diameter.  The  size  of  the  air  pipe  he  was  informed  was 
•1  inches  diameter  ;  but  he  could  not  get  any  information  as  to  the 
amount  of  air  which  was  likely  to  be  used  by  the  rock  drills.  Being 
most  anxious  not  to  hinder  the  free  passage  of  the  air,  so  that  there 
might  be  no  hitch  through  an  insufficient  supply  to  any  of  the  larger 
drills,  he  offered  to  lend  the  3-inch  meter,  knowing  that  it  would  at 
least  be  amply  large  for  the  use  to  which  it  was  to  be  put.  This 
mei  therefore  put  on  the  supply  pipe;  and  in  some  cases  it 

appeared  to  have  registered  the  full  quantity  of  air,  but  with  one  of 
the  drills  it  hardly  moved.  The  test  made  before  the  meter  was  sent 
out  \\it>  imperfect;  it  was  tried  only  with  water  at  full  speed,  and  it 
OOnld  not  be  tried  then  at  a  slow  speed  also,  with  small  quantities  of 
water   running   through,   because   there  was  not  time  for  this  to  be 

received  back  again  after  the  drill  trials,  he 

ud    on    testing    it    that    it    had    been    landing    on     the     toe-piece 

ly,    and     was    not    so    sensitive    as    it    ought    to    be  ;    but 

had    been  eased,   there;   was   no  trouble  at  all  in 

and    with    water  it   registered    with   absolute 

•jickh  ah  Small   I   How  us  only  100  gallons  or  16  cubic   feel   per 

hour.    Haying  no  applia  I   hand  for  testing  with  air,  he  had 

i- ;   but   from    the   tests   he   had  made 

•:i  other  aii-  meters  .*it  Birmingham  he  hud  found  that  the  water 
fly  the  same  results  us  air,  when  the  meter  was 


March  1891.  ROCK  DRILLS.  175* 

running  at  full  speed.  The  present  meter  differed  materially  from 
that  described  to  the  Institution  in  1882 ;  it  had  since  been  altered 
and  improved  in  many  ways,  although  the  mode  in  which  the  water 
or  air  impinged  upon  the  vanes  of  the  fan  was  practically  the  same. 

Mr.  Arthur  L.  Collins  had  had  practical  experience  of  the 
working  of  a  rock  drill  in  comparison  with  hand-boring.  The 
mine  in  which  the  trial  had  been  carried  out  was  in  Norway ;  and 
the  rock  was  extremely  hard  gneiss,  far  harder  than  the  hardest 
granite.  The  machine  was  not  one  of  those  described  in  the  present 
paper,  but  a  3i-inch  "  Cornish  "  drill,  which,  though  made  by  a 
different  maker,  was  similar  in  principle  to  McCulloch's  "  Eio  Tinto," 
the  valve  being  worked  by  a  tappet  from  the  piston  itself.  The  steel 
used  for  the  bits  was  certainly  expensive  enough,  costing  sevenpence 
a  pound,  so  that  it  presumably  left  nothing  to  be  desired  in  the  way 
of  quality.  The  cutting  edge  of  the  bits  was  generally  sharpened  in 
chisel  form.  A  good  many  were  sharpened  in  the  cross  form,  and 
were  used  for  starting  the  holes,  because  where  the  holes  had  to  be 
started  on  an  irregular  or  inclined  surface  it  was  essential  before  the 
chisel-bit  was  used  that  the  surface  should  be  about  at  right  angles 
to  the  line  of  the  hole.  The  cross  drill  was  also  used  in  a  few  cases, 
where  after  boring  for  some  time  the  chisel-shaped  drill  "  fitchered  " 
as  it  was  called,  that  is,  caught  in  a  joint  or  in  a  soft  place  in 
the  rock. 

The  first  thing  noticed  was  the  large  proportion  of  time  lost  in 
various  ways,  and  the  small  proportion  of  working  time  when  the 
drill  was  actually  boring.  For  example,  in  very  hard  rock  it  was 
found  that  the  borer  would  last  for  boring  only  4  inches  depth  at  a 
time,  and  then  it  had  to  be  changed.  Changing  the  borer  occupied  an 
appreciable  amount  of  time,  especially  when  it  was  considered  that 

h  time  the  drill  was  changed  a  drill  of  slightly  smaller  size  had  to 
be  put  in,  so  that  it  might  enter  the  hole  aud  work  freely  without 
catching.  A  slightly  longer  drill  had  also  to  be  used,  because  as  the 
hole  advanced  a  longer  borer  was  required  for  enabling  the  machine 
to  bore  at  all.  A  great  deal  of  time  was  also  lost  in  setting  up  the 
machine,  because  the  bar  that  was  used  for  holding  it  VTM  BO  heavy 

u 
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and  so  difficult  to  adjust.  Tlieu  again  it  was  found  that  one  shift 
out  of  four  was  entirely  lost  in  the  blasting  of  the  holes  bored.  So 
that  altogether,  at  a  rough  estimate,  the  machine  was  boring  for  only 
one-fifth  of  the  total  time,  the  rest  of  the  time  being  taken  up  by 
other  necessary  work,  apart  from  actual  boring.  The  best  machine 
for  practical  work  was  soon  found  to  be  that  which  was  handiest, 
and  which  would  allow  the  work  that  at  present  occupied  much  the 
larger  part  of  the  time  to  be  done  quicker. 

The  tests  with  which  he  had  been  concerned  had  been  made 
underground  in  the  same  level,  which  was  first  driven  six  months  by 
hand  labour ;  and  then  with  the  same  men,  through  the  same  rock, 
and  under  exactly  similar  conditions,  it  was  driven  for  seven  months 
by  machine.  The  air  was  supplied  at  60  or  70  lbs.  pressure,  which 
was  about  the  ordinary  pressure  that  drills  were  worked  at.     The 

at  gain  with  the  boring  machine  was  found  to  be  the  increase  in 

the  speed  ;  whereas  by  hand-boring  a  length  of  only  3  fathoms  per 

month   was  driven  in  that  extremely  hard  rock,  the  machine  enabled 

half  as  much  again  to  be  driven,  or  4^  fathoms  per  month.    The  cost  per 

fathom  was  found  to  be  about  the  same.  The  driving  was  set  to  different 

Bombers  of  men  at  different  times;  but  the  average  cost  came  out  the 

Btme,  exclusive  of  compressing  the  air,  which  was  done  by  water  power 

little  or  nothing.     It  was  a  curious  fact  that,  the  price  per 

fathom  being  the  same,  with  hand  labour  30  per  cent,  only  of  the 

tote]  price  went  for  dynamite  and  other  materials,  and  70  per  cent. 

at  directly  to  the  men  as  actual  wages  ;  but  with  the  machine  half 

b  again  Of  US  per  cent,  was  necessary  for  dynamite,  while  only 

:.  went  to  the  men  as  wages.     It  seemed  therefore  that  a 

Lea]   more  dynamite  was   necessary  per  cubic  fathom  of  rock 

ken,  iti  M  deal  less  Labour.  The  dynamite  had  been  carefully 

month  to  the  men,  who  had  to  pay  for  it  themselves 

in  the  ordinary  way;  and   it  ciime  to   1}    kilograms  of  dynamite  per 

cubic  metre  of  rock   broken   witli  Land   labour,  or  20  lbs.  per  fathom 

n,  the  size  of  the  Level  in  the  clear  being  2  metres  or 

jiiuro;    whoroal   with   machine   drilling   it   was    2   kilos   or 

'lyiiiun!'  i  in  regard  to  the  consumption  of  steel. 

I  out  at  the  commencement  of  the  month  and 
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weighed  in  again  at  the  end,  and  the  difference  represented  the  loss 
of  steel,  which  with  hand  labour  amounted  to  about  0*3  kilogram 
per  cubic  metre  of  rock  broken,  or  about  4f  lbs.  per  fathom  forward. 
With  machine  drilling  a  better  quality  of  steel  was  used,  with  the 
result  however  that  as  much  as  half  a  kilogram  of  steel  was  worn 
away  per  cubic  metre  of  rock,  or  7J  lbs.  per  fathom  forward,  showing 
a  great  difference  from  hand  labour.  The  hand-boring  was  done 
single-handed  by  the  ordinary  Norwegian  method :  instead  of  two 
men  beating  and  a  third  holding  the  borer,  the  same  man  held  and 
beat ;  with  one  hand  he  held  the  borer  and  turned  it,  and  with  the  other 
beat  with  a  light  hammer,  having  a  head  weighing  only  about  4  lbs. 
Small  holes  only  were  bored,  the  borers  most  commonly  used  being 
made  out  of  J  or  j  inch  steel.  In  boring  with  the  machine  it  was 
found  that  the  average  depth  of  hole  for  which  each  borer  could  be 
used  was  only  about  4J  inches,  nine  borers  being  blunted  per  metre  ; 
consequently  in  making  a  hole  to  the  average  depth  of  4  feet,  the 
borer  had  to  be  changed  about  eleven  times.  That  was  where  so  large 
a  proportion  of  the  time  was  lost,  that  the  speed  of  the  actual  boring 
was  of  comparatively  little  importance.  In  very  hard  granite  the 
machine  was  found  to  bore  at  the  rate  of  close  upon  six  inches  in  a 
minute ;  but  in  the  gneiss  rock  it  bored  only  a  little  over  one  inch. 
In  the  latter  case  therefore  the  progress  was  much  slower,  in  addition 
t<»  the  time  actually  lost  in  changing  the  drills,  which  had  to  be 
changed  so  much  oftener.  In  the  cost  per  fathom,  which  he  had  found 
to  be  the  same  for  machine  work  as  for  hand-boring,  there  was  not 
included  the  extra  expense  of  sharpening  the  borers  of  the  machine, 
which  cost  a  great  deal  more  to  sharpen  than  the  hand-borers,  partly 
because  the  steel  used  for  the  machine  drills  was  heavier,  and  partly 
because  it  was  of  better  quality  and  therefore  wanted  more  skilful 
men  to  temper  it.  This  extra  cost  however,  pertaining  to  the 
machine  drills,  would  not  materially  alter  the  result  already  stated. 

A  suggestion  which  he  wished1  to  offer  was  that  some  method 
should  be  adopted,  though  he  did  not  quite  see  how  it  was  to  be  done, 
for  altering  and  adjusting  the  amount  of  turn  given  to  the  borer,  to 
suit  the  different  kinds  of  rode  A  skilful  miner  boring  by  hand 
varied  considerably  the  turn  which  he  gave  to  the  borer.     In  granite 
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it  might  be  that  he  would  turn  it  each  time  through  as  much  as  one- 
M\th  of  a  revolution,  but  in  hard  gneiss  he  would  not  turn  it  more 
than  one-twelfth  or  one-fourteenth ;  while  in  soft  shale  rock  he 
would  turn  it  even  more  than  one-third  round.  The  boring  machines 
as  at  present  constructed  were  set  to  one  definite  turn  of  about  one- 
quarter  of  a  revolution,  and  there  were  no  means  of  altering  it.  In 
hard  and  tough  hornblendic  gneiss  or  in  hard  tin  capel,  if  the  turn 
were  small  enough,  the  borer  would  chip  off  a  little  piece  of  rock 
fruii i  where  the  last  blow  had  struck  ;  but  the  present  turn  was  so 
great  that  when  working  in  such  an  extremely  hard  rock  it  was 
found  there  was  no  chipping  at  all;  the  borer  was  simply  driven 
end  on  against  the  rock,  and  merely  pounded  it  into  dust  instead  of 
chipping  off  much  coarser  stuff.  In  granite,  for  which  the  turn 
given  to  the  borer  by  the  machine  was  about  right,  the  stuff  that 
came  out  of  the  hole  was  many  times  as  coarse  as  that  which 
came  out  of  harder  rock  like  gneiss;  and  this  he  believed  was 
largely  due  to  the  fact  that  the  same  turn  was  not  suitable  for 
the  two  different  classes  of  rock.  Any  simple  means  therefore  of 
adjusting  the  turn  to  the  quality  of  the  rock  would  be  of  great  value 
he  considered  to  practical  mining. 

The  following  was  a  tabulated  summary  of  the  general  results 
obtained  in  the  comparative  trial,  the  costs  here  given  including  no 
allowance  for  interest  on  capital  or  for  depreciation : — 


ige  distance  driven  j><  r  month 

fathom  forward 

1  oite  and  other  materials  . 

I  .  ibonr    ..... 

•  n<(]  \x  r  man  per  day 
|     r  fathom  forward 

bom  forward 

n  il  pei  fathom  forward  . 
depth  oi  holes 
„     ban  '1  without  sharp  Ding 

,,       hop  '1  j-<  r  shift      . 
/';   of    the    Level    in    the  char,  as  previously    mentioned,  was 


I  laud  Boring, 
Five  moutliH. 

Machine  Boring, 
Seven  months. 

:;',  fathoms. 

\r'u  fathoms. 

£5    6    0 

£5    5    0 

.       £1  11  10 

£2    7    :: 

•;:;  H    2 

£2  17    9 

2$.[8d. 

8i.  :;</. 

.      20*17  lbs. 

82*14  lba. 

1  *7.)  11  is. 

7-7.">  Lba. 

— 

82*17 

— 

i:; -.r)0  Inches. 

— 

4'3:5  inches. 

— 

13  ft.  10$  ins. 
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2  metres  or  6^  feet  square.  For  working  the  one  machine  used,  four 
men  were  employed,  Swedes  and  Norwegians,  in  two  shifts  of  two 
men  each,  working  about  ten  hours  per  shift ;  although  skilful 
miners  they  had  had  no  previous  experience  in  machine  drilling. 
The  explosives  used  were  dynamite  No.  1  and  gelatine  dynamite, 
which  were  paid  for  by  the  men  at  cost  price ;  no  charge  was  made 
for  compressed  air  or  for  sharpening  the  borers.  All  time  lost  in 
blasting,  changing  borers,  and  fixing  and  removing  the  machine, 
was  included  in  the  foregoing  statement.  As  the  level  advanced, 
there  was  perhaps  a  slight  increase  of  hardness  in  the  rock,  rendering 
the  conditions  if  anything  rather  less  favourable  for  the  machine 
which  drove  the  later  portion  than  for  the  hand  labour  by  which 
the  earlier  portion  was  driven. 

Mr.  Reginald  Bolton  had  had  some  experience  during  fifteen 
years  with  a  number  of  rock  drills,  having  set  to  work  the  first 
Eclipse  drill  that  had  been  tried  in  England,  which  he  believed  was 
the  first  successful  drill  that  had  been  brought  to  this  country  having 
the  valve  worked  by  the  air  pressure,  as  shown  in  Figs.  27  and  28, 
Plate  40.  That  plan  of  valve  seemed  to  him  to  have  been  copied  in 
some  respects  in  several  other  drills.  The  Eclipse  drill  was  used 
both  in  the  United  States  and  in  this  country  ;  and  the  result 
attained  with  it  in  the  recent  competition  he  thought  did  not 
represent  either  what  this  machine  could  do,  or  what  other  machines 
could  do,  under  more  favourable  circumstances.  With  a  2i-inch 
Eclipse  drill  and  with  a  higher  pressure  of  air  he  had  himself  seen 
a  l\-inch  hole  drilled  in  Leicestershire  granite  to  as  much  as  12 
inches  depth  in  one  minute.  No  doubt  that  was  an  excessive  result 
which  would  not  bo  attained  in  practice  ;  but  it  showed  what  might 
be  done  with  an  effective  pressure  of  air.  a  steady  tripod,  a  nice 
piece  of  rock,  a  good  sharp  borer,  Mid  also  good  management  of  the 
feed  by  hand. 

The  rotation  of  the  borer  he  considered  was  one  of  the  crucial 
points  with  all  rock  drills,  and  one  which  had  given  more  trouble  in 
the  past  than  anything  else.  Even  when  the  valve  tappet  had  been 
got   rid   of,   the    rotation    still    presented   tin-  .objection  Ithat,  H  ith  two 
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or  three  pauls  working  upon  a  ratcliet-wheel  in  the  cylinder  cover, 
there  was  a  liability  to  little  pieces  of  steel  getting  chipped  off  and 
finding  their  way  into  the  cylinder;  because  whenever  the  drill  was 
not  making  its  full  stroke  the  point  of  a  paul  and  the  point  of  a 
ratchet-tooth  might  be  brought  together  in  such  a  way  as  to  let  the 
ratchet-wheel  slip  back  a  little,  and  the  paul  was  then  apt  to  get  a 
bit  chipped  off,  which  might  even  tear  the  whole  of  the  teeth  away, 
liven  with  ratchet-wheels  made  of  the  best  steel  that  could  be 
bi» ught.  costing  over  70*.  a  cwt.,  he  had  known  every  tooth  stripped 
off  the  ratchet-wheel  with  the  hard  work  upon  such  material  as  the 
tin  cupel  in  Cornwall.  To  the  crown-ratchet  clutch  in  the  Climax 
drill,  Fig.  G,  Plate  35,  there  seemed  to  him  to  be  still  the  same 
objection:  there  were  fifteen  teeth  to  each  half  of  the  clutch,  and 
therefore  fifteen  points  that  rose  and  slid  upon  one  another  and  had 
to  pass  over  and  engage  one  another;  fifteen  points  therefore  at 
which  there  might  be  a  piece  of  steel  chipped  away,  and  that  was  a 
disadvantage.  Moreover  the  true  idea  of  a  ratchet-wheel  and  a  pair 
of  panlfl  was,  as  shown  in  Fig.  2,  Plate  33,  that  there  should  be  one 
pan!  fully  engaging  a  tooth,  while  the  other  paul  was  half  way  from 
a  tooth,  bo  that  at  any  rate  there  was  always  the  chance  of  catching 
the  tooth  half  way.     In  the  Cranston  drill,  which  had  been  in  use  a 

il  many  years,  particularly  in  the  north-east  of  England,  the 
rotation  wee  effected  by  hand,  by  means  of  a  handle  standing  out  at 
the  back  of  the  drill  ;  and  the  same  feature  had  characterised  the 

v  drill  invented  thirty-five  years  ago;  but  in  all  the  modern 
drill-  the  arrangement  of  ratchet  and   panls  frith  rifled  bar  appeared 

typed. 

With   regard  to  the  valves,  it  would  be  observed  that  there  was 

a  nmilarity  between   the   Kclipse,  the  Coles,  and  the  Bicklo  drill  in 

indrical  ehepe  of  the  nJve-box,  which  waa  compact  and  not 

eerily  d  pi  indeed  in  the  Coles  drill,  in  which  it  seemed 

to  him  that  the  <_'un-in<tal    valve-box    was  far   tOO  slight  to  stand  such 

rough  Ilea  in  will  at  he  had  ieen  dealt,  out  to  a  drill;  namely i  when 

it   did    not    altogether  do  what  the  miner  Liked,  he  struck  it  with  the 

tone  that  he  came  across,  and  rented  his  spite  upon 

i  for  the  valve-hox  of  a  drill  lie  thought  had 
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always  proved  more  or  less  a  failure.  The  Eclipse  drill  exhibited 
upon  a  tripod  was  one  in  which  he  had  first  put  a  gun-metal  valve- 
box,  and  it  had  given  considerable  trouble.  The  external  cross  ribs 
in  the  drill  exhibited  had  had  to  be  put  on  in  order  to  stiffen  the 
valve-box,  because  it  was  so  slight  that  even  the  air  pressure  of  90  lbs. 
per  square  inch  deflected  the  valve-box  somewhat,  and  the  valve  was 
not  free  to  work. 

In  the  Ingersoll-Mayne  machine  the  cross-shaped  or  four-way 
drill  used  in  the  competition  had  been  made  of  good  steel,  and  seemed 
to  him  in  that  respect  to  have  been  about  equal  to  any  of  the  borers 
now  exhibited ;  but  it  had  undoubtedly  been  over-hardened,  in  the 
effort  probably  to  get  as  hard  a  drill  as  possible,  and  the  little  excess 
of  hardness  had  spoilt  its  performance  altogether.  The  machine 
itself  he  considered  was  a  good  one,  and  it  worked  in  a  successful 
manner. 

In  all  percussive  rock  drills  it  seemed  to  him  that  more  attention 
ought  to  be  paid  than  at  present  to  the  force  of  the  blow.  All  kinds 
of  ingenious  arrangements  were  elaborated  in  regard  to  the  valves, 
the  cradles,  the  tripods,  and  other  parts ;  but  the  force  of  the  blow 
seemed  to  be  left  to  take  care  of  itself.  The  work  done  upon  the 
rock  however  seemed  to  him  to  be  the  first  thing  to  be  considered. 
The  tool  striking  against  the  rock  was  a  rather  blunt  knife-edge ; 
and  if  it  did  not  strike  a  sufficiently  powerful  blow,  no  effect  was 
produced.  Even  with  a  tolerably  sharp  cutting  edge  the  force  of 
the  blow  might  be  so  much  reduced  by  wire-drawing  the  air  that 
the  tool  might  pound  away  upon  a  piece  of  granite  without  making 
the  slightest  impression.  But  if  the  pressure  was  increased  to  the 
ordinary  60  or  70  lbs.  per  square  inch,  the  drill  was  then  able 
to  penetrate  the  granite ;  and  if  it  were  still  further  increased  up  to 
90  or  100  lbs.  per  square  inch,  the  drill  would  work  far  more 
effectively.  That  was  the  direction  in  which  he  considered  drilling 
could  be  improved ;  and  the  improvement  lay  chiefly  with  tlio 
manufacture  of  air-compressors.  Most  of  the  present  drills 
would  be  safe  with  a  pressure  of  90  or  100  lbs. ;  and  even  ap  t<> 
120  Lbs.  he  thought  that  far  better  results  would  be  got  economically 
out  of  all  the  drills  now  in  use.     This  anticipation  appeared  indeed 
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to  be  borne  out  already  in  modern  practice ;  for  he  had  been  told 
that  last  summer  it  had  become  more  generally  the  practice  to 
increase  the  pressure  of  air  used  in  rock  drills,  and  ,that  they  were 
doing  better  work  in  consequence.  Some  recent  rapid  boring  in  the 
United  States  had  altogether  eclipsed  anything  done  in  this  country 
in  the  way  of  advancing  tunnels ;  and  it  had  been  accomplished 
singly  by  using  a  higher  pressure  of  air,  which  he  expected  would 
be  adoj)ted  in  this  country  after  a  short  time. 

The  record  given  in  the  paper  of  the  results  obtained  in  the 
competitive  trial  appeared  to  him  to  be  of  no  practical  value,  inasmuch 
as  the  trial  itself,  so  far  as  he  could  see,  had  established  nothing,  and 
could  establish  nothing  ;  it  formed  no  test  of  what  the  several  drills 
would  do  in  practical  work.  The  conditions,  in  regard  to  which  the 
judges  had  had  no  voice,  in  his  opinion  were  not  fair  to  the  drills ; 
for  the  stipulation  that  each  machine  should  bore  a  hole  of  half  the 
diameter  of  its  cylinder  seemed  to  him  not  to  establish  a  proper 
ratio  between  them.  Moreover  in  respect  of  working  pressure  many 
drills  were  constructed  to  work  habitually  at  low  pressure,  in  some 
cases  not  more  than  50  lbs.  per  square  inch.  Others  on  the 
contrary  needed  a  higher  pressure  to  get  any  results ;  and  if  there 
had  been  an  opportunity  of  increasing  the  pressure  in  the  trial  this 
would  have  been  found  out.     It  was  naturally  a  difficult  thing  to 

kbliafa  a  comparison  between  rock  drills,  owing  to  the  character 

of  the    work    they  had   to   do ;   nevertheless  it  was  seen  from  the 

t    previous    speakers  that  various    attempts    had    already 

to   establish    the  work    done    by   different  drills    under 

conditions  of  practical  working.     Too  often  the  results  even 

D  had  not  been  v. holly  reliable,  owing  to  the  competing  drills  not 

rith    altogether   impartial    treatment  at    the    hands   of  the 

ag  them,  by  whom  their   relative  values  were  sometimes 

inverted  under  the  inflnenoe  of  other  considerations  than  thoso  of 

it.      In   connection    with    the  Royal  Agricultural  Society's 
I  engines,  he  bad   Been   engines  got  up  fox  the  purposes 

trial,  and  ibly  as  fax  as   outside   appearance  went 

Earming   engines;    but  the  piston    was    not   the 
**aiJ  ''ii I<1     be    in    the    oxdinaxy    engines,    and    with  regard 
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to  the  valves  there  were  sundry  little  modifications  that  had 
a  remarkable  effect  in  the  trial.  So  far  had  this  been  the  case  that 
on  the  occasion  of  one  of  the  last  of  these  trials  it  would  be 
remembered  the  bulk  of  the  manufacturers  of  portable  engines  had 
declined  to  enter  into  the  trials  any  longer.  The  rock-drill  trials 
which  had  now  extended  over  a  considerable  number  of  years  had 
not  established  in  his  opinion  anything  more  than  the  ability  of  the 
men  working  the  drills.  For  the  measurement  of  the  air  consumed 
by  the  drills,  the  use  of  a  water  meter  he  considered  was  no  more 
appropriate  than  would  be  the  use  of  a  gas  meter  for  measuring  the 
steam  supplied  for  working  an  engine.  By  charging  a  large  reservoir 
with  compressed  air  up  to  a  certain  pressure,  as  he  had  done  himself, 
and  then  starting  the  drill  and  keeping  it  going  until  the  air  had 
run  down  to  a  certain  lower  pressure,  an  absolute  measurement  was 
obtained  of  the  actual  amount  of  air  used  by  the  machine  for 
performing  a  measured  amount  of  boring  in  the  rock  upon  which 
it  was  working  when  so  tested. 

As  regarded  hand-power  machines,  he  had  had  some  at  work,  but 
had  never  found  men  who  could  stand  working  them  for  more  than 
half  an  hour  at  a  time,  as  the  labour  was  so  exhausting.  A  longer 
trial  than  the  twenty  minutes  allowed  in  Table  1  for  the  hand 
machines  would  have  been  out  of  the  question. 

Mr.  William  S.  Lockhart  had  seen  a  great  deal  of  hand  drilling 
done  single-handed  by  one  man  working  the  drill  and  the  hammer, 
as  described  by  Mr.  Collins   (page  175) ;    and  although  the  trials 
recorded  in  the  present  paper  were  of  power  drills,  it  would  have 
been  interesting,  since  three  such  good  men  had  produced  such  a 
really  astonishing  result  by  hand-boring  as  22  inches  depth  of  hole 
in    18L   minutes,    to   see   whether   those   same   three   men   working 
singly  could  also  have  bored  altogether  an  equal  capacity  of  hole. 
In  Europe  he  had  found  that   men    working  by  piece-work   could 
almost    invariably   make    more    money    single-handed    than    when 
(forking  together  in  t\v<.s  or  threes,  one  or  two  of  them  striking  and 
one    holding   and    turning    the    drill.       In    Upper   Burniah    he    hud 
recently  had  OOOasiOD  to  <lo  a  great  deal  of  blasting  with  poor  nativo 
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labour,  having  in  fact  had  practically  to  train  his  own  drillers.  The 
single-handed  plan  he  had  found  the  most  useful;  but  instead  of  the 
-1-lb.  hammer  mentioned  by  Mr.  Collins  (page  175)  he  had  used  only 
a  l.\-ll>.  chipping  hammer  and  J-inch  octagonal  steel  for  the  drill, 
which  was  about  15  inches  in  length  for  short  holes.  For  deeper 
holes  the  length  of  the  drill  had  to  be  increased,  and  then  sometimes 
another  man  had  to  be  put  on  to  strike ;  but  for  short  holes  he  found 
the  single-handed  method  answered  best.  For  the  kind  of  rock  that 
Wlfl  being  blasted  it  answered  particularly  well,  and  especially  for 
Masting  in  adits,  because  so  many  more  holes  could  be  got  in  the 
working  face.  Working  in  the  manner  usual  elsewhere,  with  two 
men  striking  and  a  third  holding  the  drill,  not  more  than  two  boles 
at  a  time  could  be  bored  in  the  face,  because  there  was  not  room  for 
more  than  six  men  to  work  together  in  the  end ;  but  with  the  same 
six  men  each  working  singly,  six  holes  could  be  got  in  at  a  time ;  and 

-hallow  holes  there  answered  the  purpose,  a  good  deal  more  rock 
could  be  got  out  in  the  same  time.  He  did  not  know  whether  that 
method  was  used  much  in  this  country.  It  was  novel  he  believed  in 
Burmah  until  he  introduced  the  method  there,  as  its  adoption  for  the 
work  that  he  had  in  hand  seemed  altogether  new  to  those  who  had 
been  doing  blasting  in  the  same  district  for  road  making,  for  which 
the  univer.stl  plan  bad  been  to  drill  lj-inch  holes  with  two  men 
striking  and  one  holding  the  drill.  The  single-handed  method 
however  he  bad  found  much  quicker  and  much  handier  altogether, 

more    boh  got  in  at  a  time.     He  enquired  why  the  hand- 

bofing  trial  n  oordi  '1  in  Table  1  had  lasted  only  18.1-  minutes,  instead 
whole  time  allowed  of  20  minutes.  Were  the  men  exhausted 
heir  tin*  ip  ? 

Hr.    H;  ■:  |    \)-\\y    replied    thai    they   Stopped    because   the    hole 
had  gone  through  tli-   itone,  which  was  only  22  inclics  thick. 

Mr.  Team    v.  idered  that  the  MeOulloch  drill  ought 

classed  as  •  |    tappet-valve   drill,  inasmuch   as  tho 

tire  depended  both  on  the  tappet  and  on  the  air 
-sure.    The  pieton  striking  the  tappet  knocked  the  valve  over  into 
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its  proper  position  for  admitting  the  air  to  the  cylinder,  and  at  the 
same  time  the  air  acting  on  the  end  of  the  valve  held  it  in  its  proper 
position,  preventing  any  movement  of  the  valve  while  the  boss  on  the 
piston  was  out  of  contact  with  the  tappet.  In  some  other  tappet- 
valve  drills  a  spring  was  used  for  the  same  purpose ;  but  it  often 
happened  that  the  spring  exerted  a  great  deal  more  pressure  than  was 
actually  necessary  to  hold  the  valve  in  its  place,  and  the  consequence 
was  that  a  needless  amount  of  friction  was  produced  on  the  face  of 
the  valve,  which  caused  extra  wear  not  only  on  the  valve  itself  but 
also  on  the  tappet  and  on  the  boss  upon  the  piston.  The  valve  of 
the  Ingersoll-Mayne  and  some  other  drills  had  no  spring,  being 
held  in  its  place  by  the  air  or  steam  itself.  The  area  of  the  valve  in 
the  Ingersoll-Mayne  drill  was  so  large  that  the  total  pressure  of  the 
air  upon  it  was  very  heavy,  and  the  wear  on  the  face  was  consequently 
excessive.  In  the  McCulloch  drill  the  air  acting  upon  the  end  of  the 
valve  exerted  no  pressure  on  the  face ;  therefore  the  wear  and  tear 
which  was  so  general  in  other  tappet-valves  was  here  saved,  and  the 
piston  had  no  great  resistance  to  overcome  in  striking  the  tappet  and 
throwing  the  valve  over.  In  drills  having  the  valve  worked  entirely 
by  air  pressure  the  motion  was  fairly  reliable  while  the  valve  was 
comparatively  new,  provided  no  sand  or  grit  got  in  between  the 
working  surfaces.  Moreover  the  rust  forming  in  the  interior  of  the 
main  air-pipe  would  get  into  the  valve,  and  the  increased  friction  so 
caused  was  more  than  the  air  pressure  could  overcome ;  consequently 
the  valve  had  to  betaken  out, and  the  rust  or  grit  cleared  away,  which 
involved  a  large  loss  of  time.  With  the  tappet  valve  the  blow  of  the 
piston  was  sufficient  to  drive  such  an  obstruction  away,  the  tappet 
giving  the  valve  a  positive  motion  ;  whereas  the  valve  worked  by  air 
had  not  a  positive  motion,  and  consequently,  even  supposing  that  no 
grit  got  into  it,  yet  \s  lien  it  became  worn  to  a  certain  extent  the  air 
passed  by  it,  and  caused  it  to  flutter,  that  18,  QOt  to  go  (Ian  over  as 
it  should  do. 

The Pbudbht said  that  Letters  had  been  received  from  gentlemen 
unable  to  be  present,  which  it  would  be  well  to  read  before  the 
discussion  closed. 
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Mr.  Jambs  Btbtmns,  representing  the  Bronifield-Ingersoll  hand- 
power   drill,  wrote   that   the   paper    itself  was    interesting   to    all 

oerned  in  mining;  but  the  trials  made  with  the  hand-power  drills 
and  with  hand-drilling,  recorded  in  Table  1,  were  in  his  opinion 
entirely  useless  as  practical  tests.  Men  working  by  hand  labour 
with  drills  and  hammers  could  not  possibly  have  kept  up  the  rate  of 
work  which  was  done  in  these  trials  ;  whereas  the  Bromfield-Ingersoll 
hand-power  drill  could  have  kept  on  all  day  at  a  comparatively  high 
rate  ;  and  a  series  of  valuable  tests  in  America,  extending  over  many 
weeks  of  regular  work,  had  proved  that  it  would  beat  any  two  sets  of 
hand-drillers.  Had  the  recent  tests  been  continued  during  say  four 
hours,  which  in  his  opinion  was  the  least  time  that  should  have  been 
given  to  them,  the  results  he  considered  would  have  been  altogether 
different  In  hand-drilling  the  question  was  not  how  many  inches 
could  be  drilled  in  twenty  minutes,  but  how  many  inches  could  be 
drilled  in  a  day ;  that  was  how  the  question  really  presented  itself  to 
a  mine  manager,  and  this  point  seemed  to  have  been  entirely 
overlooked  in  the  recent  trials. 

Mr.  David  Joy  wrote  that  in  1867  he  had  arranged  with  Messrs. 
Bell  Brothers,  of  the  Clarence  Iron  Works,  Middlesbrough,  to 
construct  for  use  in  their  Upleathani  ironstone  mines  a  rock  drill  on 
the  principle  of  a  steam  hammer,  which  latter  he  was  then  making  as 
1  speciality.     The  peculiar  valve  used  in  the  hammers  rendered  it 

able  to  produce  ft  rock  drill  so  simple  as  not  to  be  damaged  by 

the  ge  it  would  have  to  undergo  in  the  mines;  there  was  no 

to  move   the  valve,  which  was  worked  entirely  by  steam 

from  the  drill  cylinder.     That  had  been  the  first  attempt  he  believed 

to  drill  ironstone  by  .-team  power.    Steam  was  used  to  begin  with 

at     hand,  and    compressed    ait-    would    at   0X106    have 

the  cosl   of  the  ( cperiment   Largely  ;    with  steam  it  was 

weary  to  cover  with  wood  all  the  parts  to  be  touched.    The 

•   machine  made  had   •  brass  cylinder,  3)  inches  diameter  he 

id  H  inches  stroke,  with    brass  valve-chest  and  valve,  and   B 

I  rod  all  in  one,  carrying  at  its  outer  end  one  of  the 

i  I    by  the   ironstone   miners.      The   whole  was 
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supported  on  a  movable  tripod.  Experiments  were  first  tried  in  the 
manufactory  on  big  stones  of  hard  millstone  grit,  until  the  machine 
was  got  to  work  satisfactorily  in  drilling  vertical  holes.  It  was  then 
taken  to  the  mines  and  set  to  work  on  the  ironstone ;  and  there  the 
greatest  difficulties  arose  from  the  varying  nature  of  the  rock.  The 
machine  would  work  well  for  a  time,  till  suddenly  coming  to  a  hard 
nodule,  round  which  it  would  slip,  thereby  diverting  the  hole  to  one 
side  and  jamming  itself  in  it.  Moreover  the  ironstone  itself  was  of  a 
clogging  or  binding  character,  liable  to  stamp  solid  under  the  drill, 
so  that  the  clearing  of  the  stuff  out  of  the  hole  was  a  difficult  matter ; 
the  removal  of  the  drill  for  clearing  the  hole  was  easily  and  quickly 
done.  The  turning  of  the  drill,  precisely  as  done  by  the  men,  was 
imitated  automatically  by  the  machine.  Then  flushing  the  holes 
with  water  was  tried ;  and  also  the  use  of  drills  made  with  a  helical 
channel  round  their  entire  length,  twisting  in  the  same  direction  as 
the  automatic  rotation.  By  these  means  the  mechanical  difficulties 
were  overcome,  till  the  machine  could  drill  holes  a  good  many  degrees 
above  the  horizontal.  Then  occurred  the  crowning  difficulty  that  the 
men  refused  to  work  the  machine,  on  the  plea  that  it  would  rob  them 
of  their  wages  ;  and  there  the  matter  stopped  for  the  time.  It  was 
only  left  to  him  to  congratulate  those  who  had  since  fought  through 
all  the  difficulties,  and  had  not  merely  solved  the  mechanical  problem, 
but  had  also  rendered  rock  drills  now  a  commercial  success. 

Mr.  IJk  bard  Stephens,  referring  to  the  observation  in  pa^e  153 
of  the  paper  respecting  a  difference  in  the  blow  produced  by  a  drill 
when  the  valve  was  worked  by  a  tappet  and  when  it  was  moved  by 
air,  wrote  that  in  his  own  experience  he  had  found  us  dead  a  blow 
could  be  struck  by  a  fcappet-valve  drill,  if  properly  constructed,  as  by 
a  drill  having  the  valve  worked  by  air  ;  while  the  latter  could  easilv 
be  made  to  strike  a  cushioned  blow  by  so  placing  the  front  small 
aperture  leading  from  the  main  cylinder  to  the  valve-clu ei  as  to 
reverse  the  valve  early  enough  i'«>r  admitting  air  in  front  of  the  piston 
before  the  blow  wns  -truck.  Thus  if  the  small  aperture  for  actuating 
the  valve  were  so  placed  that  the  piston  should  QnoOTOI  it  when 
having   still    to   make  two  inches  of  its  stroke  beforo  delivering  tin 
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blow,  the  drill  would  work  much  quicker  but  would  not  strike  a  dead 
blow ;  while  if  it  were  placed  an  inch  further  forwards,  the  drill 
would  work  slower  but  would  strike  a  heavier  blow.  The  same 
applied  to  the  tappet-valve  drill,  in  which  the  blow  could  be 
regulated  by  the  position  of  the  forward  tappet :  if  the  valve  were 
not  reversed  until  the  piston  had  got  within  an  inch  of  the  extreme 
end  of  its  forward  stroke,  as  good  a  blow  was  obtained  as  from  a  drill 
having  its  valve  worked  by  air,  with  the  advantage  over  the  latter 
that  the  tappet  valve  was  more  reliable,  whereas  the  best  drills 
having  air-worked  valves  were  liable  not  to  act  from  various  causes, 
such  as  slackness  of  the  piston  or  of  the  piston-valve,  choking  of  the 
ports,  and  presence  of  grit. 

The  cylinder  of  the  Climax  drill  tried  in  the  recent  competition 
had  been  broken  up  on  its  return  to  his  works,  and  had  been  found  to 
be  a  defective  casting,  having  a  blow-hole  through  the  thickness  of 
the  metal  between  the  front  port  and  the  interior  of  the  cylinder. 
The  consequence  was  that,  the  moment  this  hole  was  uncovered  by 
the  front  piston  in  its  forward  stroke,  the  air  was  admitted  in  front  of 
the  piston  before  the  valve  itself  had  been  reversed,  and  thereby  the 
motion  of  the  piston  was  retarded  and  the  force  of  the  blow  impaired. 
In  regard  to  the  trial  he  considered  there  was  nothing  to  complain  of ; 
tod  the  fact  of  the  Climax  drill  not  then  doing  such  good  work  as  it 
ought  to  have  done  was  due,  not  to  any  conditions  of  the  competition, 
but  to  the  unseen  defect  which  bad  since  been  discovered. 

Mr.  Hi. sky  DAVIT  thought  that  one  object  of  the  paper  had  been 
realised  in  the  useful  discussion  to  which  it  had  given  rise.  The 
-hoit  duration  of  the  trials  had  naturally  been  rather  severely 
OOmmeoi  '1  upon  ;  hut  this  matter,  as  well  as  all  the  rost  of  the 
conditions    of    fche    trials,    had     been     settled    he    understood    by    a 

with   the    competitors,   who   were    therefore  themselves 

ihle  for  the  way  in  which    the   trials  wen:  conducted.      It  was 

the  oompetii  rho  irere  anxious  that  the  trials  should 

made,         I     they     had     been     carried     out   entirely     with     their 

It  had  appeared  to  the  authors  of  fche 

paper    that   the    superiority  of   one   drill    over    another  was   more  a 
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mechanical  question  than  anything  else ;  and  from  the  remarks  made 
in  the  discussion  it  seemed  to  him  that  this  was  mainly  true.  The 
drills  were  all  more  or  less  on  one  general  principle,  but  some  might 
be  more  mechanically  perfect  than  others ;  and  it  was  the  mechanical 
construction  of  the  drill  which  seemed  to  him  more  important  than 
almost  anything  else. 

The  President  said  he  had  drawn  one  conclusion  from  the 
statements  made  in  the  discussion,  namely  that  sufficient  care  had 
not  been  taken  by  some  of  the  competitors  to  see  that  everything  was 
in  proper  working  order  before  the  trials  began.  The  knowledge 
gained  in  the  present  instance  might  be  useful  to  others  in  the 
future.  From  the  practical  remarks  made  by  Mr.  Collins  (page  174) 
he  gathered  that  in  machine  drilling  as  compared  with  hand  labour 
there  was  no  saving  in  money,  but  simply  a  saving  in  time.  Were  it 
only  on  this  account  however,  he  had  no  doubt  that  machinery  for 
rock  boring  would  become,  if  indeed  it  had  not  already  become,  a 
most  useful  and  valuable  aid  in  many  of  the  operations  of  mining. 
He  had  great  pleasure  in  proposing  a  vote  of  thanks,  in  which  he  was 
sure  the  Members  would  cordially  join,  to  Mr.  Carbutt  and  Mr. 
Davey  for  having  brought  this  interesting  subject  before  them. 

Mr.  Carbutt,  in  acknowledging  on  behalf  of  Mr.  Davey  and 
himself  the  vote  of  thanks,  said  he  was  thoroughly  satisfied  with  tin 
discussion.  There  never  had  been  any  trials  he  believed  with  which 
some  fault  could  not  be  found,  and  nevertheless  the  trials  had 
generally  resulted  in  progress.  Although  the  trials  of  the  Royal 
Agricultural  Society  had  been  disparaged  by  some  persons,  he 
believed  they  had  done  a  considerable  amount  of  good  for  agricultural 
engineering;  they  had  induced  both  engineers  and  agriculturists  t<» 
see  if  they  could  not  consume  less  coal  for  a  certain  amount  of  work  ; 
and  although  every  one  might  not  be  satisfied,  and  some  might  find 
fault,  there  could  be  no  doubt  that  a  certain  amount  of  benefit  had 
resulted  from  those  trials.  Afl  t<>  whether  any  similar  benefit  would 
result  from  the  drill  trials  which  had  recently  taken  plaOO,  thOM  ^h<> 
were  practically  engaged  in    mining  were  quite   able    to  judge  for 
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themselves :  as  wifl  evident  enough  from  the  practical  remarks  of 
Mr.  Collins,  which  showed  that  he  had  considered  every  circumstance 
bearing  upon  the  work  he  had  had  to  do,  and  had  looked  fully  at 
both  sides  of  the  question  of  machinery  versus  hand  labour;  and 
he  desired  to  thank  him  for  the  figures  he  had  placed  before  the 
meeting.  Both  Mr.  Davey  and  himself  were  glad  if  the  paper  had 
been  of  any  service  to  the  Institution ;  he  believed  it  would  be  of 
dee  to  those  who  wanted  to  try  rock  drills  on  any  future 
occasion. 
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Peter  Bopjue  Blaik  was  born  at  Stockton-on-Tees  on  31st  July 
1866.  He  served  his  apprenticeship  under  the  tuition  of  his  father, 
the  managing  director  of  the  engineering  works  of  Messrs.  Blair  and 
Co.,  in  which  he  latterly  acted  as  assistant  manager  and  director. 
Having  made  electricity  his  special  study,  he  fitted  up  successfully 
and  completely  with  the  electric  light  about  twenty  large  ocean-going 
vessels  ;  and  also  had  under  his  own  control  the  lighting  of  the  works 
of  his  firm,  which  is  all  done  by  electricity.  His  dcatli  took  place  on 
15th  January  1891,  at  the  age  of  twenty-four.  He  became  a  Member 
of  this  Institution  in  1890. 

Anthony  Bower  was  born  in  Liverpool  on  21st  September  1820, 
and  on  leaving  school  was  apprenticed  with  Messrs.  George  Forrester 
and  Co.,  Yanxhall  Foundry,  Liverpool,  where  he  was  early  placed  in 
the  drawing  office,  of  which  after  Mr.  Forrester's  death  he  had  charge, 
besides  making  the  calculations  required  for  estimates.  The  work 
turned  out  in  those  days  was  mostly  machinery  required  for  sugar 
making  in  the  West  Indies.  Marine  engines  were  soon  added,  of 
which  were  constructed  what  at  that  time  were  some  large  examph  s, 
such  as  those  for  the  Holyhead  steamers.  In  1854  lie  became  a 
partner  in  the  firm,  in  the  early  days  of  the  Crimean  war  ;  and  tin 
Works  were  kept  going  night  and  day  to   furnish  the  required   supply 

of  slu.t,  shell,  and  mortars.  Some  time  afterwards  he  mad 
journey  t<»  Egypt,  and  obtained  there  large  orders  for  steamer-. 
ragar  machinery,  pumping  engines  Ac.  fa  beyond  what  his  firm 
could  cope  with  in  their  own  works.  In  LS72  he  entered  the 
Liverpool  Town  Council,  and  deroi  d  much  of  his  time  and  energy  to 
the  question  of  water  supply  for  the  future,  visiting  all  the  localil 

far  and  near   that  Were   likely  to   be  available,  and    DOtahly  aiding   in 

tting  the  water  bill  pa  seed,  and  in  all  matters  thai  pertained  to  the 
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vast  undertaking  at  Vyrnwy.  He  lived  to  see  the  completion  of  the 
crreat  lake  at  Yyrnwy,  of  which  he  had  dono  so  much  to  realise 
the  achievement.  Ho  was  an  alderman  of  Liverpool  and  a  justice 
of  the  peaee.  and  had  on  more  than  one  occasion  been  asked  to  accept 
the  position  of  Mayor,  hut  had  been  unable  to  do  so  on  account  of  the 
laree  amount  of  time  that  he  devoted  to  the  water  committee  as 
chairman.  His  health  began  to  fail  towards  the  end  of  1889,  and  he 
-  laid  up  for  nearly  the  whole  of  the  succeeding  year ;  and  he  died 
on  31st  January  1891  at  his  residence  at  Heswall,  Cheshire,  at  the 
age  of  seventy.     He  became  a  Member  of  this  Institution  in  1870. 

Archibald    Douglas    Bryce-Douglas  was   born   at   Ardrossan 

in   1839.       After    receiving  a  good  education  at  the  High    School 

of    Glasgow,     and      subsequently     at     the     University,    he     was 

apprenticed   by  his  father,  Eev.  John   Bryce,  first   to  a  joiner  at 

Ardrossan,   and   afterwards   to   Messrs.   Randolph    Elder   and   Co., 

Glasgow,  at  the  time  when  they  had  just  added  shipbuilding  to  the 

construction  of  engines  and  boilers.     After  remaining  there  only  two 

or  three  years,  he  went  to  New  Zealand,  where  he  had  been  offered  a 

it  ion  to  superintend  machinery;  but  on  the  outbreak  of  the  Maori 

war  lie  proceeded  to  the  west  coast  of  South  America,  where  he 

acted    for   some  years   as   resident   engineer   of  the   Pacific  Steam 

.  igation  Company,  having  charge  of  a  fleet  of  forty  steamers,  and 

cted  their  workshops  atCallao.    In  1809  ho  became  superintending 

of  the  company  in  Callao,  and  held  that  position  for  six 

en  years.    Returning  to  England  he  was  appointed  in  1877 

•   to  Messrs.  John  Elder   and  Co.,  afterwards 

the   Fairfield   Engineering    Company,  and   built    there  tho  engines 

for  many  well-known  steamers  of  the  Canard,  Orient,  North  German 

IJ,  1   oilier    fleets,  as   well    as   for    the    British    and   various 

foreign  dj  He  introduced   many   important  developments  in 

practice,    and    also    availed    himself   largely    of   all 

trnpron  which  he  rocogni  ed  as  important      Early  in  1889  he 

una  managing  director  of  the  Naval  Construction  and  Armaments 

<    mpany  at    Barrow-in-Furness,  and    soon    succeeded    in    giving 

renewed  lit-  audi  bipbuilding  and  marine  engineering 
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industries  of  that  town.  Here  were  lately  constructed  under  his 
direction  three  steamers  for  maintaining  a  high-speed  service  between 
Vancouver  and  Japan  and  China,  in  connection  with  a  scheme  which 
he  wus  engaged  in  developing  for  a  new  direct  route  from  England  to 
Australia,  across  the  British  territory  of  Canada,  in  connection  with 
a  fleet  of  fast  steamers  intended  to  make  the  sea  passage  between 
Plymouth  and  Halifax,  or  St.  John's,  Newfoundland,  in  five  days, 
this  passage  being  GOO  miles  shorter  than  that  between  Liverpool  and 
New  York.  His  death  took  place  after  a  week's  illness  at  his 
residence,  Seafield  Tower,  Ardrossan,  on  5th  April  1891,  at  the  age 
of  fifty-two.     He  became  a  Member  of  this  Institution  in  1888. 

John  Chapman  was  born  at  Charlton  Kings  near  Cheltenham  on 
12th  May  1826.  From  early  life  he  had. been  engaged  in  works 
connected  with  gas  and  hot-water  engineering,  and  carried  on 
business  for  some  years  in  Cheltenham  until  October  188G,  when  he 
removed  to  Eton,  having  been  appointed  manager  and  collector 
of  the  Windsor  and  Eton  Water  Works.  In  June  1888,  the 
corporation  of  Windsor  having  acquired  the  waterworks,  he  was 
appointed  their  manager,  and  carried  out  considerable  improvements. 
In  1890  he  undertook  some  extensive  alterations,  to  which  in  spite  of 
illness  he  continued  to  devote  his  attention,  until  on  5th  December 
1890  he  v  ed  with   a  paralytic  stroke,  resulting   in  his  death 

on  15th  February  1891  at  Eton,  at  the  age  of  sixty-four.  He  became 
a  Member  of  this  Institution  in  1885. 

WlLLIAM  Pox  was  born  at  Low  Moor,  Yorkshire,  on  25th  October 
1840, and  in  LSG2  commenced  hi-  caret  i  choolmastei  at  Harrow 

Weald  in  Middlesex.  Shortly  afterwards  he  established  himself  in 
Leeds,  where,  being  an  enthusiast  in  music,  he  became  organist  and 
choirmaster  at  St.  John's  Church.  In  18G5  ho  joined  his  brother, 
Mr.  Samson  Fox,  in  the  engineering  business  of  BiesSTS.  Foi 
Brothers  and  Reffit,  at  the  Silver  Cross  Works,  Leeds,  where 
labour-saying  tools  were  made  a  ^iceialty.  In  1871  they  convert*  d 
their  business  into  the  Leeds  Forge  Company,  and  Becnred  twenty 
acres  of  land  for  the  purpose  of  its  development.      For    about   tour 
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an  he  tilled  the  position  of  secretary,  and  afterwards  acted  as  one 
of  the  representatives  of  the  firm.  His  death  took  place  at  his 
residence,  Fairfield  House,  Harrogate,  on  20th  February  1891,  at 
the  age  of  fifty,  from  pleurisy,  after  two  days'  illness.  He  became  a 
Member  of  this  Institution  in  1882. 

J. -I  rus   Perkins  was  born  in  London   on   8th   May  1834.     His 
lather,  an  American  citizen,  who  came  to  this  country  in  1827,  had 
ablished   himself  as    an    engineer,   and  his  name  is  principally 
•eiated  with  the  invention  of  heating  by  hot  water  in  a  closed 
circuit  at  very  high  pressures,  which  is  applied  to  the  warming  of 
buildings    and    the  heating  of  bakers'  ovens.      Having  entered  his 
father's  manufactory  at  an  early  age,   he    afterwards   practised  in 
53-4   as  an  engineer  on  his  own  account  in  New  York.     In  1854 
he  returned  to  England,  and  for  eight  years  was  associated  with  his 
father  in  experiments  upon  the  steam  gun,  and  in  developing  the  steam 
baking  oven  and  other  inventions.     From  18G2  to  18G6  he  wras  in 
riness  in  Hamburg  and  Berlin,  designing  and  executing  many  plans 
for  warming  buildings  &c.  in  various  parts  of  the  Continent.    In  18G6 
lie  returned  to  England,  and  entered  into  partnership  with  his  father. 
Amongst  In'-  numerous  inventions  were  improvements  in  water  meters 
in  traction  engines,  and  in  wrought  metal  wheels,  the  spokos  of  which 
hollow  bars  or  tabes  screwed  into  the  nave  or  tire.     The 
metal   packing-rings  which  he  brought  out  in  1872  proved  of  great 
practical  importance,  as  they  entirely  removed  the  difficulty  till  then 
1  rienced   in  consequence  of  the  rapid   wear  of  cylinders   when 
•Up  team    was   employed.     A   subject   to  which  he  devoted 

DUUl  life  was  the  use  of  very  high-pressure  steam;  and 

labours  in  this  direction  are   embodied  in   two  papers  read  before 
tin'.-,  In-titiitioi,  (Proceedings  1861, page  94  ;  and  1877,  page  117). 
work   upon    which  he  was   last  engaged    was   the  "Arktos" 
;  and  the  intense  application  which   he  devoted  to 
of  his  health  breaking  down. 

an     invent":     he    often     conducted    Jo's     numerous    and     costly 

ith  little  regard  to  their  commercial  success.    He  died 

in    London    OB  April   1 -!t  J .  in  the  Jilt  v-;  eventh  year  of  his  ago, 
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after  an  illness  of  nearly  a  year's  duration.     He  became  a  Member 
of  this  Institution  in  1861. 

0 

Thomas  Tucker  was  born  at  Gateshead  on  31st  March  1849.  On 
the  death  of  his  father  in  1872,  he  succeeded  to  the  management  of 
the  Turk's  Head  Brewery,  Gateshead,  which  had  been  established  by 
his  grandfather  in  18-45  ;  and  though  only  a  youth  he  carried  on  the 
business  successfully  and  greatly  improved  it.  He  is  believed  to 
have  been  the  first  to  adopt  copper  as  the  sole  material  for  the 
utensils  required  in  brewing,  so  that  the  beer  should  never  touch 
wood  until  it  reached  the  cask.  He  was  connected  with  several  of 
the  local  institutions,  and  was  a  member  of  the  Town  Council  for 
some  time.  His  death  took  place  on  7th  January  1891,  at  the  age  of 
forty-one.     He  became  an  Associate  of  this  Institution  in  1888. 

Joseph  Whitley  was  born  at  Wakefield  on  17th  October  181G, 
and  as  a  boy  was  employed  at  Hayden's  Engineering  Works  in 
that  town.  In  1832  he  went  to  Leeds,  and  was  employed  at 
the  engineering  works  of  Messrs.  Fenton  Murray  and  Jackson. 
Commencing  business  in  Leeds  on  his  own  account  in  1844,  he  was  up 
to  his  death  the  head  of  the  firm  of  Messrs.  Josejm  Whitley  and  Co., 
now  Whitley  Partners.  In  1858  he  began  to  make  improvements  in 
metallurgical  science,  in  the  treatment  particularly  of  iron  and 
bronze,  including  the  manufacture  of  multiple  plates  for  the 
construction  of  ships  and  steam  boilers,  and  for  other  purposes 
requiring  great  strength ;  also  in  the  construction  of  moulds 
employed  in  the  manufacture  of  spun  metals  and  compounds  of 
metals.  At  the  Inventions  Exhibition  in  1885  lie  showed  the 
Bpinning  of  liquid  metals  by  centrifugal  force,  thereby  attaining 
greater  homogeneity  and  density  and  tensile  strength ;  and  he 
exhibited  a  spun  roller,  consisting  of  several  layers  of  Lard  and  soft 
iron,  yet  all  in  one  solid  mass,  and  suitable  for  printing  and 
embossing.  Jti>  death  took  place  in  Ne*  York  on  12th  January 
ltf'Jl,  at  the  age  of  seventy-four.  He  became  an  Associate  of  this 
Institution  in  1865,  and  a  Bfember  in  Is?.';. 
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PROCEEDINGS. 


April  1891. 


The  later  Spring  Meeting  of  the  Institution  was  held  in  the 
rooms  of  the  Institution  of  Civil  Engineers,  London,  on  Thursday, 
30th  April  1891,  at  Half-past  Seven  o'clock  p.m.;  Joseph  Tomlinson, 
Esq.,  President,  in  the  chair. 

The  Minutes  of  the  previous  Meeting  were  read,  approved,  and 
signed  by  the  President. 

The  President  said  that  since  the  last  meeting  they  had  lost 
by  death  Mr.  Benjamin  Walker,  who  had  been  a  Member  of  the 
Institution  for  twenty-four  years,  and  a  Member  of  Council  for  six 
years.  The  Members  he  was  sure  would  all  feel  with  him  the  greatest 
regret  at  the  loss  of  so  genial  a  member  as  their  late  friend,  and  one 
so  outspoken  in  the  expression  of  his  views.  Although  his  technical 
knowledge  might  perhaps  not  have  been  of  the  greatest,  he  was  to 
ull  intents  and  purposes  a  practical  engineer,  having  been  brought  up 
in  the  rough  school  of  days  gone  by  ;  and  at  the  same  time  he  was 
one  of  those  hard-headed  men,  who,  when  once  they  took  anything  in 
hand,  never  let  it  go  until  they  succeeded  in  carrying  out  what  they 
wanted.  Having  himself  known  Mr.  Walker  intimately  for  more 
than  thirty  years,  his  death  had  come  to  him  as  a  wry  great  blow. 
Be  had  been  a  sincere  old  friend  of  himself,  and  a  sincere  friend  to 
the  In-titution.  always  ready  to  do  anything  he  could  to  benefit  the 
profession.     A  letter  of  condolence  had  been  sent  to  his  family  from 

the  Council. 

In  accordance  with  the  articles  of  association,  for  supplying  the 
consequent  vacancy  amongst  the  Members  of  C    moil,  the  Council 
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had  endeavoured  to  give  effect  to  the  wishes  of  the  Members  by 
appointing  Mr.  Edward  B.  Marten,  who  had  been  a  Member  of 
Council  for  the  last  six  years,  and  whose  name  stood  next  in  order  in 
the  result  of  the  voting  by  the  ballot  lists  at  the  last  election  of 
officers.  At  the  next  Annual  General  Meeting  he  would  retire,  and 
would  then  be  eligible  for  re-election  by  the  Members. 


The  President  announced  that  the  Ballot  Lists  for  the  election 
of  New  Members  had  been  opened  by  a  committee  of  the  Council, 
and  that  the  following  forty-seven  candidates  were  found  to  be  duly 
elected : — 

MEMBERS. 

Mx^rcus  Allen, 

Charles  Sneath  Allott, 

Alexander  Southerland  Anderson, 

Bernard  Asplen,   . 

Henry  Bates, 

Arthur  Edwin  Battle,  . 

David  Noble  Bertram,  . 

William  Black, 

George  William  Blackburn, 

Adolphus  Brunner, 


Fua\<  is  Dixon   BlTMSTED, 

Hbebt  Joseph  Buttek,  . 
■L  John  Caswell,  . 
Ai.n;i:o   OhATTEBTOE, 

Joseph  Obo  a  \.\d,  . 
Eabbt  Boltoe  Daoli 

I  )■■::>    I  . 

I        OB  Beeby  Flbth,    . 
Dbui  eoeij  Fbieb,  . 
T  Sbpbtjbe,  . 

iiiiu  Hodge, 

ThOI  I       .  m.o    HOOABTH, 

J;  LLPH    iIoi;-i  ;i.i.o. 

William  Field  Sow, 


Manchester. 

Manchester. 

Cawnpore. 

Southall. 

Manchester. 

Melbourne. 

Edinburgh. 

Cardiff. 

Leeds. 

Munich. 

Hednesford. 

Plumstcad. 

Kobe,  Japan. 

Madras. 

Southport. 

Si.  Helen's,  Lane. 

Northfjeet. 

Manchester. 

Madras. 

Poona,  India. 

London. 

Swindon. 

( 'liajicl-on-le-Frifli. 

London. 
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Henry  George  Jordan,  Jun.,  . 
Eeglnald  Henry  Mahon,  Capt.  K.A., 
Frederick  Spencer  Metcalfe, 
Robert  Middleton, 
Thomas  Xicholson, 
Joseph  Pattison,    .... 
Scott  Paulson,       .... 
Thomas  Alfred  Eeed,    . 
Bartholomew  Richmond  Rowland.  . 
Arthur  Slater  Sayill,  . 
Arthur  Forbes  Scott,   . 
Henry  Sharp,         .... 
Ernest  Tetlow,     .... 
Albert  Tilley,      .... 
Arthur  Tannett  Walker, 
Leonard  West,      .... 
Thomas  Wilson,     .... 

associates. 
George  Foster,      .... 
Francos  Henry  Spencer, 

graduates. 
Thomas  Stanley  Gillatt, 
William  James  Hodgson, 
Matthew  William  Mills, 
Frederick  Augustus  Yerbury, 


Manchester. 

London. 

Burton-on-Trent. 

Leeds. 

Glasgow. 

Cardiff. 

Johannesburg. 

Cardiff. 

Manchester. 

Manchester. 

Bradford. 

London. 

Hollinwood. 

Bilbao. 

Leeds. 

St.  Helen's,  Lane. 

Iqnique,  Chile. 

Sheffield. 
Johannesburg. 

Glasgow. 
Nottingham. 
Heywood. 
London. 


The  following   Paper   was    then   read   and    partly   discussed : — 
'•  Research  ( lommittee  on  Marine-Engine  Trials ;  Report  apon  Trial  of 
the  Steamer  Ioiia"  ;  by  Professor  AlkxANDBB  B.  \V.  K  . 
F.R.S.,  Chairman, 

Shortly  utter  Half-past  Nine  o'clock  the  Meeting  was  adjourned 

to    the   following   evening.     The  attendance    WIS    Sl>    Members    and 

50  Visitors, 


i  2 
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The  Adjourned  Meeting  was  held  at  the  Institution  of  Civil 
Engineers,  London,  on  Friday,  1st  May  1891,  at  Half-past  Seven 
o'clock  p.m. ;  Joseph  Tomlinson,  Esq.,  President,  in  the  chair. 

The  Discussion  upon  the  Eeport  on  Marine-Engine  Trials  was 
resumed  and  concluded. 

On  the  motion  of  the  President  a  vote  of  thanks  was  unanimously 
passed  to  the  Institution  of  Civil  Engineers,  for  their  kindness  in 
granting  the  use  of  their  rooms  for  the  Meeting  of  this  Institution. 

The  Meeting  then  terminated  at  Ten  o'clock.  The  attendance 
was  62  Members  and  37  Visitors. 


The  Annual  Dinner  of  the  Institution  was  held  at  The  Criterion, 
Piccadilly,  on  Wednesday  evening,  29th  April  1891,  and  was  largely 
Attended  by  the  Members  and  their  friends.  The  President  occupied 
the  chair;  and  the  following  Guests  accepted  the  invitations  sent  to 
them,  though  some  were  unavoidably  prevented  at  the  last  from 
being  ]  tresent. 

Institution    of  Civil   Engineers.  —  Sir   John    Coode,    K.C.M.G., 

President    Sir  John  Fowler,  Bart.,  K.C.M.G. ;  Mr.  James  Abcrnethy, 

l'.l:.-.i:.:    Mr.    Thomas   Hawksley,   F.R.S. ;    Past-Presidents.     Mr. 

Berkley;    Mr.  Harrison   Hayter ;    Mr.   Alfred  Giles,  M.P. ; 

Robert  Rawlinson,  K.C.B. ;  Vice-Presidents.    Mr.  William  Pole, 

I'.li.>s.  L.  &  II..  Eonorary  Secretary.    Mr.  James  Forrest,  Secretary. 

Sir  Frederick  A.  Abel,  K.C.B.,  F.K.S.,  Eonorary  Life  Member. 
Mr.  William  C  chrane,  President  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers;  Sir  William  T.  Lewis, 
Pretidenl  of  the  Sontfa  Wales  Institute  of  Engineers;  Mr.  Robert 
0.  Dri  P  ■■'  ndenl  of  the  Surveyors'  Institution;  Sir  James  natson, 
Presideni  of  the  Iron  and  Steel  Institute;  Mr.  Charles 
I'.  Ale      i'  I  of  the  Hull  and  District  Institution  of  Engineers 
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Mr.  James  S.  Beale,  Honorary  Solicitor.  Mr.  Robert  A.  McLean, 
Auditor. 

Professor  T.  Hudson  Beare,  F.E.S.E. ;  Professor  D.  E.  Hughes, 
F.E.S. ;  Professor  W.  C.  Roberts-Austen,  C.B.,  F.R.S. ;  Mr.  A.  G. 
Ashcroft ;  Mr.  Samuel  Boswell ;  Mr.  J.  Fiddes  Brown  ;  Mr.  Thomas 
Kennedy ;  Mons.  Maurice  Ortmans ;  Mr.  Charles  J.  Wilson,  F.I.C. 

The  President  was  supj)orted  by  the  following  Officers  of  the 
Institution: — Past-President,  Mr.  Jeremiah  Head;  Vice-Presidents. 
Sir  James  N.  Douglass,  F.R.S.,  and  Professor  Alexander  B.  W. 
Kennedy,  F.R.S.  Members  of  Council,  Mr.  Benjamin  A.  Dobson,  Sir 
Douglas  Galton,  K.C.B.,  D.C.L.,  F.R.S.,  Mr.  Samuel  W.  Johnson, 
Mr.  Arthur  Keen,  Mr.  John  G.  Mair-Rumley,  Mr.  William  H.  Maw, 
Mr.  William  H.  White,  C.B.,  F.R.S.,  and  Mr.  J.  Hartley  Wicksteed. 

After  the  usual  loyal  toasts  had  been  proposed  by  the  President, 
the  toast  of  "  The  Houses  of  Parliament "  was  proposed  by  Mr. 
Benjamin  A.  Dobson,  Member  of  Council,  and  acknowledged  by 
Mr.  Alfred  Giles,  M.P.  Sir  James  N.  Douglass,  F.R.S.,  Vice- 
President,  proposed  the  toast  of  "  Kindred  Professional  Institutions," 
which  was  acknowledged  by  Sir  John  Coode,  K.C.M.G.,  President  of 
the  Institution  of  Civil  Engineers.  The  toast  of  "Our  Other 
Guests  "  was  proposed  by  Professor  Alexander  B.  W.  Kennedy,  F.R.S., 
Vice-President,  and  acknowledged  by  Sir  Frederick  Abel,  K.C.B., 
F.R.S.,  Honorary  Life  Member.  The  concluding  toast  of  "The 
Institution  of  Mechanical  Engineers,"  proposed  by  Mr.  George 
Berkley,  Vice-President  of  the  Institution  of  Civil  Engineers,  was 
acknowledged  by  the  President. 
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RESEARCH  COMMITTEE  ON  MARINE-ENGINE  TRIALS. 


REPORT  UPON  TRIALS  OF  THE  S.S.  "  IONA." 


By  Professor  ALEXANDER  B.  W.  KENNEDY,  F.R.S.,  Cliairman. 

Since  their  Report  of  May  1890  the  Research  Committee  on 
Marine-Engine  Trials  have  had  the  opportunity  of  carrying  out 
another  trial,  which  will  be  found  in  some  respects  more  complete 
than  any  of  those  they  have  made  previously. 

Steamer. — The  steamer  tested  was  the  "  Iona,"  owned  by  Messrs. 
Herskind  and  Woods  of  West  Hartlepool,  to  whom  the  Committee 
are  greatly  indebted  for  all  the  facilities  they  kindly  afforded  for 
the  trial,  and  for  the  obliging  arrangements  they  made  for  the 
comfort  and  convenience  of  all  on  board.  The  "Iona"  is  a  fine 
example  of  a  modern  well-decked  cargo  steamer  with  economical 
engines.  She  was  built  in  1889  by  Messrs.  William  Gray  and  Co. 
of  West  Hartlepool,  and  engined  by  the  Central  Marine  Engine 
W<aks  of  the  same  firm,  with  triple-expansion  engines  on  three 
cranks  working  a  single  screw.  She  is  a  vessel  of  275*1  feet  length, 
87*8  feet  breadth,  and  19  feet  depth.  Her  depth  moulded  is  21  feet 
10  inches,  and  her  coefficient  of  fineness  is  0-7G5.  She  has  a  double 
bottom  of  cellular  construction  230  feet  long,  and  can  carry  443  tons 
of  water  ballast.     Ear  registered  tonnage  is-  gross  2,094  tons,  under 

k   1,610  tons,  and  net  1,848  tons;  and  she  is  classed  at  Lloyd's 

100  A  1  (special  survey).     Her  draft  in  Tyne  Docks  before  the  trial 

itartftfi  was  20  bet  7  inches  forward,  and  20  feet  9  inches  aft,  or 

H  inches  mean  ;  but  in  suit  water  us  measured  by  hydrometer 

ilf  an  inch,  bo  that  the  mean  draft  during  the  trial  was 

20  &  at  7i  inch  ,  ooi  responding  to  a  displacement  of  4,480  tons. 

The  "  Iona n  arrived  at  Middlesbrough  from  her  voyage,  on 
10,  and  !  ines  were  afterwards  overhauled  by  their 
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makers.  She  subsequently  went  north  to  the  Tyne,  to  take  in  a 
cargo  of  coal ;  and  the  trial  was  made  during  her  outward  voyage 
south.  The  steamer  left  Tyne  Docks  at  12.20  noon  on  13th  July 
1890,  and  crossed  the  bar  about  1.0  o'clock,  the  weather  being  fine 
with  a  fresh  breeze.  The  fires  had  been  lit  since  6 . 0  a.m.  on  the 
previous  day ;  and  in  order  to  get  everything  warmed  up  and  the 
fires  in  normal  condition,  the  trial  itself  was  not  started  until 
6.30  p.m.  on  13th  July,  by  which  time  the  steamer  was  off  Robin 
Hood  Bay.  The  trial  lasted  for  sixteen  hours,  ending  at  10 .  30  a.m. 
on  14th  July,  when  the  steamer  was  off  Yarmouth.  The  weather 
remained  fine  throughout,  so  that  there  was  no  difficulty  in  taking 
any  of  the  usual  observations.  The  speed  of  the  engines  was  not 
altered  during  the  trial,  nor  was  the  valve-gear  touched  or  altered 
throughout  the  whole  time.  In  addition  to  all  the  observations 
which  had  been  taken  on  former  trials,  indicator  diagrams  were 
taken  at  intervals  from  the  circulating  and  air  pumps,  from  the 
first  and  second  receivers,  and  from  both  ends  of  the  condenser. 
The  temperatures  of  the  circulating  water  and  discharge  water  were 
also  noted ;  and  the  jacket-water,  steam-pipe  drain-water,  and 
supplementary  feed-water  were  each  separately  measured. 

Engines. — The  "  Iona "  is  fitted  with  triple-expansion  surface- 
condensing  engines,  the  cylinders  being  placed  in  the  order — 
intermediate,  high,  low,  going  from  forward  to  aft,  Figs.  27  to  31, 
Plates  54  to  56.  The  cranks  rotate  in  the  sequence  —  high, 
intermediate,  low.  The  diameters  of  the  cylinders  are  21  •  88  incl 
34*02  inches,  and  56*95  inches,  by  gauges.  The  piston-rods  are  all 
6  inches  diameter.  There  are  no  tail-rods.  The  stroke  of  all  three 
cylinders  is  39  inches.  The  high-pressure  cylinder  only  is  jacketed. 
Its  jacket  is  supplied  with  steam  from  the  boiler  direct  ;  under 
ordinary  working  conditions  it  is  drained  directly  into  the  hot-well, 
but  during   the   trial   it  was  drained   through   a   measuring   tank, 

Pig.  27.      A  drain-pipe   was   taken   from  the   st<  am-pipe,  and  another 

from  the  high-pressure   yaWe-chest,  and   these   were   connected 

another  tank,  bo  a-  to  he  also  separately  measured.    The  intermediate 

and  low-pressure  cylinder.-  are  not  jacketed.      The  clearance  volumes 
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of  tlie  cylinders  are  given  by  the  makers  as  12-41  and  10*11  and 
7  *  64  per  cent,  of  the  volumes  swept  through  by  their  respective 
pistons. 

The  high-pressure  and  low-pressure  cylinders  are  provided  with 
ordinary  doubled-ported  slide-valves,  and  the  intermediate  cylinder 
with  a  Trick  slide-valve.  None  of  the  slide-valves  are  balanced. 
The  valve-gear  is  the  ordinary  link-motion.  There  are  two  feed- 
pumps, one  circulating  pump,  one  air-pump,  and  two  bilge-pumps, 
all  driven  by  levers  from  the  cross-head  of  the  low-pressure  cylinder. 
The  feed-pumps  are  each  3  inches  diameter,  single-acting ;  the 
circulating  pump  is  10  inches  diameter,  double-acting ;  the  air-pump 
is  17  inches  diameter,  single-acting ;  and  the  bilge-pumps  are  3  J 
inches  diameter,  single-acting.  The  stroke  of  all  six  pumps  is  26 
inches.  The  surface  condenser  contains  1,360  square  feet  of  tube 
surface,  in  475  tubes  of  f  inch  external  diameter  and  14  feet  7  inches 
length  between  tube-j)lates.  The  screw  propeller  is  of  cast-iron, 
having  four  blades,  and  is  14  feet  6  inches  diameter,  with  a  mean 
pitch  of  14  feet  6  inches  and  a  surface  of  63  square  feet. 

Boilers. — Steam  is  supplied  by  two  single-ended  steel  boilers  with 
Purves'  corrugated  flues,  Figs.  32  to  36,  Plates  57  and  58.  The 
boilers  are  13  feet  3  inches  mean  diameter  and  10  feet  long,  with 
two  furnaces  each,  or  four  furnaces  in  all.  The  total  grate  area  was 
originally  52*5  square  feet,  each  grate  being  3  feet  9  inches  long 
and  .'5  feet  6  inches  broad  ;  but  the  fire-bars  have  since  been 
shortened  by  the  length  of  one  brick  to  3  feet,  so  that  at  the  time  of 
the  trial  the  total  grate  area  was  only  42  square  feet.      The  total 

iting  Burface  of  the  two  boilers  is  3,160  square  feet,  of  which 
2,590  square  feet  is  tube  surface.  The  total  heating  surface  is 
th<  75*2  times,  and  the  tnbe  surface  61-7  times  the  actual 

gral  The  ratios  of  total  heating  surface  and  lulu:  surface  to 

the  original  grate  area  are  60*2  and  49*8  respectively.  There  are 
in  all  180  tabes,  8  inches  external  diameter  and  6  feet  LOj  inches 
Long  between  plates.  The  internal  diameter  of  the  funnel  is  n*  feet 
.';  inches,  and  its  total  height  is  51  feet  9  inches  above  the  level  of 
th-  A   damper  is  placed  in  the  funnel  at  a  height  of 
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17  feet  8  inches  above  the  level  of  the  fire-grates.  The  total  cross- 
sectional  area  through  the  tubes  is  18*3  square  feet,  and  the  area 
across  the  funnel  is  30*7  square  feet.  The  net  volume  of  the  boilers 
is  2,680  cubic  feet. 

The  boilers  are  worked  under  forced  draught,  on  a  plan  designed 
by  Mr.  John  E.  Fothergill,  the  arrangement  of  which  is  shown  in 
Plate  57.  A  fan  in  the  engine-room,  driven  by  an  engine  which 
during  the  trial  received  steam  from  the  donkey  boiler,  forces  air 
into  a  trunk  extending  across  the  front  of  the  boilers.  This  air 
passes  into  the  furnaces  through  gridiron  valves  placed  just  below 
the  level  of  the  fire-bars ;  each  of  these  valves  is  made  to  close 
automatically  by  the  lifting  of  the  latch,  whenever  the  corresponding 
furnace-door  is  opened,  thus  preventing  flame  and  gases  from  being 
blown  out  from  the  furnace  into  the  stoke-hold.  A  smaller  air-trunk, 
branching  off  from  the  main  trunk  and  provided  with  a  deflecting 
valve,  passes  along  the  back  of  the  boilers  and  admits  a  quantity  of 
air  through  i)erforated  plates  into  the  combustion  chamber,  in  the 
form  of  small  streams,  which  mix  with  the  gases  after  they  have 
passed  the  furnace  bridge  and  have  been  deflected  to  the  bottom  of  the 
combustion  chamber  by  a  plate  D  hung  at  the  back  end  of  the 
furnace,  Fig.  32.  The  fan  is  60  inches  diameter  and  20  inches 
broad,  and  at  400  revolutions  per  minute  is  capable  of  supplying 
14,000  cubic  feet  of  air  per  minute  at  a  pressure  of  3^  inches  water- 
gauge  ;  it  is  driven  direct  by  a  Chandler  single-acting  high-speed 
engine,  with  cylinder  8  inches  diameter  and  7  inches  stroke, 
developing  2*1  indicated  horse-power  at  a  speed  of  180  revolutions 
per  minute,  which  was  the  mean  speed  during  the  trial.  The  fan 
engine  is  usually  supplied  with  steam  froni  the  first  receiver  of  the 
main  engines;  but  throughout  the  trial,  as  already  Btated,  steam  was 
supplied  to  it  from  the  donkey  boiler.  Water  gauges  connected  to 
the  air  trunks  and  ashpits  wore  read  at  intervals  of  half  an  hour,  and 
the  following  are  their  mean  readings  : — 

Position  of  Gauge.  Pleasure, 

On  air-trunk  near  fan  ....  0*86  inch  of  water. 

On  air-trunk  at  back  of  bo&len      .        .        .  0*81    .. 

On  ubbpits,  muni  of  four  .  .  .  0   17     .. 
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Weighti, — The  total  weight  of  the  engines  and  boilers  and  all 
mountings,  including  water  in  condenser,  pipes,  and  boilers,  is  about 
202  tans,  exclusive  of  shafting,  tunnel  bearings,  and  propeller.  The 
following  are  the  weights  of  the  various  parts  of  the  machinery, 
boilers,  and  accessories,  as  given  by  the  makers  : — 

Engines  alone          .         .         .         .         .         .         .  64  •  92  tons 

Shafting,  tunnel  bearings,  and  propeller    .         .         .  26  •  59  tons 
Engine-room  auxiliaries,    including  donkeys,   pipes, 

platforms,  ladders,  and  gratings     ....  12*16  tons 

Wi iter  in  condenser,  pipes,  and  pumps        .         .         .  1*71  tons 

Boilers  alone  .          .          .          .         .          .          .          .  58  •  60  tons 

Boiler-room  auxiliaries,  including  forced-draught  gear, 
smoke-box,  uptake,  funnel,  furnace  gear,  mountings, 

stoke-hold  floor,  boiler  chocks,  and  ties  .          .         .  28  •  49  tons 

Water  in  boilers      .......  35*75  tons 


Total  228*22  tons 


Duration  of  Trial. — The  duration  of  the  trial  from  start  to  finish 
was  exactly  16  hours,  or  960  minutes. 

Coal  Measurement. — The  coal  was  weighed  in  baskets  by  means 

<>f    a   spring-balance    in    the    stoke-hold,   as    in   the   former  trials 

(Proceedings  1889,  page  237;  and  1890,  pages  205,  214,  and  226), 

about  £50  lbs.   at  a  time  being  put  down  on  the  floor  beside  eacli 

boiler.      The    trial  was  started  with  clean  floors,  and  the  time  of 

I  stoking  from  each  weighed  lot  of  coal  was  noted,  as  well  as  the 

time   when    each    weighed    lot    was  completely   put    on    the  grates. 

The  line  of  coal  consumption  plots  out  as  shown  in  Plato  44.     As 

additional  check  upon  the  coal  measurement,  a  particular  bunker 

•      j.'if'l    beforehand,  and  coal  enough   for  the  trial  was  weighed 

into  it  off  the  trucks.    The  amount  of*  coal  so  weighed  amounted  to 

At.  the  end  of  the  trial  the  quantity  of  coal  still  left  in 

bunker  wai   taken  out  and  weighed,  and  amounted  to  2*82  tons, 

which,  deducted  from  the  whole  quantity  weighed  into  the  bunker, 

5*79  bom  as  the  quantity  used.    As  the  coal  weighed  in  detail 

during  the  trial    wa     6*67   tons,  the  difference   between  the  two 
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methods  of  measurement  was  less  than  lj   per  cent,  of  the  whole 
quantity  in  the  bunker. 

The  fires  were  cleaned  once  during  the  trial.  The  total  weight 
of  ashes,  weighed  after  the  trial,  amounted  to  430  lbs.,  which  is  about 
2  •  9  per  cent,  of  the  whole  fuel  used. 

The  coal  used  throughout  was  Tyne  coal  from  Walbottle  Colliery. 
Coal  samj^les  were  taken  from  the  weighed  lots  frequently  during  the 
trial ;  and  after  a  thorough  mixture  of  all  these  samples,  the  final 
analyses,  which  have  again  been  kindly  made  by  Mr.  C.  J.  Wilson, 
are  as  follows  : — 


- 

Coal  as  used. 

Dry  Coal. 

Carbon        ....... 

82*34  per 

cent. 

83-97  per  cent, 

Hydrogen    ....... 

5-47    „ 

)» 

5 "58  „      „ 

Moisture     ....                   . 

1-94    .. 

?? 

o-oo  „     „ 

Ash 

2-90    „ 

»> 

2-96  „      „ 

Nitrogen,  Sulphur,  Oxygen,  ftc,  by  difference 

7-35    „ 

?i 

7-49   „       „ 

100-00 

100-00 

A  sample  of  the  ashes  was  also  collected,  and  has  been  analysed  by 
Mr.  Wilson  as  follows  : — 

Loss  on  ignition  (  =  Carbon).         .       56*19  per  cent. 
Mineral  matter    .  .  .  .       43-81   „       ,, 


100-00 


The  calculated  calorific  value  of  the  fuel  is  14,830  thermal  units 
per  lb.,  which  corresponds  to  the  evaj)oration  of  15*35  lbs.  of  water 
from  and  at  212°  Fain-.,  and  to  an  equivalent  carbon-value  of  1*02 
lb.  per  lb.  of  coal.  A  portion  of  the  coal  sample  was  also  tested  by 
Mr.  L.  A.  Legros  with  a  Thomson  calorimeter  of  modified  form. 
which  gave  a  calorific  value  of  14,890  thermal  units  per  lb.  as  the 
mean  of  two  separate  detenninations j  the  difference  between  this 
and  the  value  calculated  from  the  analyses  is  less  than  halt*  of  one 
]><  r  cent.    The  total  coal  used  was  a>  follows: — 

Port  boiler    ....      7,24fl  lb* 
Starboard  boiler     .        .         .      7,7<il  Lb* 

14,919  1 
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This  amounts  to  15*7  lbs.  per  minute,  or  942  lbs.  per  hour, 
taking  a  total  time  for  coal  consumption  of  15  hours  53  minutes,  or 
953  minutes,  which  was  arrived  at  as  follows.  The  last  firing  with 
un weighed  coal  before  the  trial  began  was  at  6.25  p.m.  upon  the 
13th  July,  and  the  last  firing  with  weighed  coal  during  the  trial  was 
at  10.21  a.m.  upon  the  14th,  or  an  interval  of  956  minutes.  The 
first  firing  with  weighed  coal  during  the  trial  was  at  6.38  p.m. 
upon  the  13th,  and  the  weighed  coal  was  all  burnt  at  10.28  p.m. 
ui>on  the  14th,  which  was  the  time  of  first  firing  with  unweighed 
coal  after  the  trial  was  over,  or  an  interval  of  950  minutes.  A  mean 
between  these  two  intervals,  or  953  minutes,  has  therefore  been  taken 
as  the  total  time  for  coal  consumption. 

Furnace  Gases. — Thirteen  samples  of  the  furnace  gases  were 
obtained,  being  collected  over  mercury  by  Mr.  Wilson  as  the  trial 
went  on.  The  analyses  of  the  samples  are  given  in  Table  9, 
pages  208  and  209.  Some  of  the  samples  it  will  be  seen  were 
collected  quickly,  as  for  instance  Nos.  5  and  10.  The  others  were 
collected  slowly  over  periods  varying  from  half  an  hour  to  an  hour. 
The  differences  between  the  specimens  collected  quickly  and  slowly, 
it  will  be  seen,  are  not  at  all  so  great  as  those  between  different 
.-maples  collected  at  about  the  same  rate. 

The  chimney  temperatures  were  read  every  half-hour  with  a 
mercury  thermometer  of  the  same  description  as  that  used  in  former 
trials  (Proceedings  1890,  page  218).  Two  Murrie  pyrometers  were 
also  used  alongside  of  the  thermometer  to  indicate  the  chimney 
temperatures, and  the  readings  of  the  three  instruments  agreed.  The 
height  of  the  thermometer  above  the  furnace  bars  was  about  30  feet. 
T)  <  eading  was  462°  Fahr.,  the  minimum  being  410°,  and 

maximum    17s  .      The    variations    in    chimney    temperature   are 

■hows  in  Plate  1 1.     Trial  was  made  to  see  vrhether  any  alteration  of 

eading   followed    a   change    in    the   position   of   the 

thennometer  bulb  from  the  side  to  the  centre  of  the  chimney,  but 

could  be  detected.    The  mean  air-temperature  on  deck  was 

Fahr. 
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The  mean  chimney-draft,  which  was  measured  by  a  U  gauge- 
glass  at  the  place  where  the  furnace  gases  were  collected,  about 
13  feet  above  the  damper,  was  0*25  inch  of  water.  The  funnel 
damper  was  only  one-sixth  open  throughout  the  whole  of  the  trial. 

Feed-Water  Measurement. — The  feed- water  was  measured  in  the 
tanks  which  had  been  previously  used  in  the  "  Colchester  "  and  the 
"Tartar"  trials  (Proceedings  1890,  page  219,  and  Plate  87). 
In  the  present  trial  each  tank  lasted  about  15 L  minutes.  As 
already  mentioned,  separate  tanks  were  used  for  measuring  the 
jacket- water  and  the  water  from  the  steam-pipe  and  high-pressure 
valve-chest  drains ;  and  a  third  separate  ten-gallon  tank  was  used  for 
measuring  the  supplementary  feed-water,  which  was  enrptied  into  the 
bottom  of  the  condenser  at  intervals,  as  shown  in  Fig.  22,  Plate  51, 
according  to  the  fluctuations  of  the  water-level  in  the  boilers.  The 
water  from  the  hot- well  was  pumped  into  the  measuring  tanks  by 
a  donkey  pump,  which  was  supjriied  with  steam  from  the  donkey 
boiler.  This  arrangement  was  adopted  in  order  to  prevent  the 
additional  load  which  would  have  been  thrown  upon  the  air-pump 
if  it  had  had  to  deliver  into  the  measuring  tanks.  The  feeding  of 
the  main  boilers  was  done  entirely  by  the  engine  pumps,  which 
drew  the  water  from  the  measuring  tanks.  The  arrangement  of  the 
measuring  tanks  and  connections  is  shown  in  Fig.  27,  Plate  54. 
The  glands  of  the  feed-pumps  leaked  considerably  during  the  first 
hour  and  a  half  of  the  trial  ;  but  the  leakage  was  then  so  far  stopped 
that  it  could  be  neglected  during  the  rest  of  the  trial. 

Steam  \\;is  kept  up  in  the  donkey  boiler  for  the  fan  engine,  tin 
donkey  pump  already  mentioned,  and  the  ballad  donkey. 

The  total  amount  of  water  used  was  136,820  Lbs.  during  a  total 
time  of  953  minutes.  This  amounts  to  143*6  11>-.  per  minute,  or 
8,61G  lbs.  per  hour.     The  rate  at  which  the  feed-water  was  supplied, 

and  the  variations  of  fa  temperature,  arc  shown  in  Plate   1  1- 

Both  at  the  commencement  and  at  the  end  of  the  trial  the  boiler 

pressure   was   felling,   a-  Will    !>••    QOtioed    from   the    diagram.  Fig.  3, 

Plate  U>,  ami  the  water-lore]  was  a-  nearly  as  possible  the  same; 

lint    the    motion  of  the  Vessel    at   the   end    of  the    trial    made    the    Last 
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TABLE  0  (continued  on  opposite  page). 

Iona  Trial. 
Analyses  of  Funnel  Gases  by  Volume. 


No.  of 
Sample. 

Carbonic 
Acid. 

Carbonic 
Oxide. 

Oxygen. 

Nitrogen. 

Time  of 
[(Collecting. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

p.m. 

1 

6-43 

0-00 

13-11 

80-46 

6.34-7.20 

2 

8-71 

0-00 

10-51 

80-78 

7.30-8.10 

3 

8-64 

0-00 

10-61 

80-75 

8.30-9.30 

4 

7*79 

0-00 

11-63 

80-58 

9.30-10.30 

5 

8-86 

0-00 

10-79 

80-35 

10.30 

* 

a.m. 

9 

8-93 

0-00 

9-67 

81-40 

2.30-3.20 

10 

8-15 

0-00 

11-17 

80-68 

3.30 

11 

7-15 

0-00 

11-70 

81-15 

4.30-5.30 

12 

7-06 

0-00 

12-51 

80-43 

5.30-6.30 

13 

8-91 

0-00 

10-80 

80-29 

6.30-7.30 

14 

8-85 

0-00 

10-87 

80-28 

8.0-8.30 

L6 

8-82 

0-00 

10-78 

80-40 

9.0-9.30 

L6 

8-J- 

0-00 

11-07 

80  •<;."> 

9.40-10.16 

lit 

8-20 

000 

11-17 

80-63 

Samplei  6,  7,  and  8  were  nol  properly  taken* 
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{continued  from  opposite  page)  TABLE   9. 
Iona  Trial. 
Analyses  of  Funnel  Gases  by  Weight. 


Duration  of           Carbonic      Carbonic 
Collecting.              Acid.            Oxide. 

Oxygen. 

x-..                  No.  of 
Nitrogen.       Sample. 

Minutes. 
46 
40 
60 
60 
2 

50 
2 
60 
60 
60 
30 
30 
35 

Per  cent. 
9-57 
12-85 
12-75 
11-54 
13-06 

13-18 
12-05 
10-62 
10-48 
13-13 
13-05 
13-00 
12-24 

Per  cent. 

o-oo 

0-00 
0-00 
0-00 
0-00 

0-00 
0-00 
0-00 
0-00 
0-00 
0-00 
0-00 
0-00 

Per  cent. 
14-20 
11-28 
11-39 
12-52 
11-57 

10-38 
12-01 
12-64 
13-51 
11-57 
11-65 
11-56 
11-90 

Per  cent. 
76-23            1 
75-87            2 
75-86            3 
75-94            4 
75-37            5 

* 

76-44            9 
75-94          10 
76-71           11 
76-01          12 
75-30          13 
75-30          14 
75-44          L5 
7-V86          16 

Mean              12  12         0-00          12-01          75 -87 

and  were  therefore  tey  being  unreliable.* 
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observation  of  water-level  a  little  uncertain.  An  error  of  half  an 
inch  however,  which  is  certainly  more  than  could  have  occurred, 
would  make  a  difference  of  less  than  0*4  per  cent,  in  the  total  feed, 
and  might  therefore  be  practically  neglected.  The  variations  of 
water-level  in  the  boilers  are  shown  in  Fig.  23,  Plate  51. 

At  5.0  a.m.  on  14th  July  samples  of  water  were  taken  from 
both  boilers,  and  at  the  same  time  a  quantity  of  steam  from  the  main 
steam-pipe  was  condensed  and  collected.  These  samples  were 
analysed  by  Mr.  Wilson  to  determine  the  percentage  of  salt  present 
in  each,  and  gave  the  following  results  : — 

Sample.  Percentage  of  Salt  present. 

From  Steam-pipe        .  .  .     0  •  00758  per  cent. 

„      Starboard  boiler  .  .     0-351         „       „ 

»      Port              „  .  .0-177        „       „ 

Mean  of  both  boilers  .  .  .     0  •  264        „      „ 

Taking  the  average  saltness  of  the  water  in  the  two  boilers,  this 
shows  that  the  above  sample  of  condensed  steam  contained  2  ■  87  per 
cent,  of  boiler  water,  which  figure  therefore  represents  the  amount  of 
priming  at  the  time  when  the  sample  was  collected.  It  was 
intended  to  take  a  series  of  these  samples  throughout  the  trial;  but 
unfortunately  the  condensing  apparatus  broke  down,  and  the  above 
-ample  was  the  only  reliable  one  that  was  obtained. 

The  temperatures  of  the  circulating  water  and  of  the  dischargo 
water  were  measured  at  about  half-hourly  intervals  throughout  the 
trial.  Calculating  from  these  observations,  the  mean  temperature  of 
the  circulating  water  was  B5'8  ETahr.,  and  of  the  discharge  water 
76-6    Fahr. 

Additional  WaJU  r-M'-asurements. — The  total  water  taken  from  tlio 
high-pressure  jacket  over  a  period  of  910  minutes  was  5,600  lbs., 
being  at  ti  of  6 ■  1 5  Lbs.  per  minute,  or  1  *8  per  cent,  of  the  total 

The  total   irater  from  the  iteam-pipe  and  high-pressure  valve- 

during    910    minutes    was    800    lbs.,   or    0*88    lb.    per 

minute,  wbmli  is  0#61  per  cent  of  the  total  feed. 
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The  total  amount  of  supplementary  water  was  8,302  lbs.  in  953 
minutes,  being  8  ■  7  lbs.  per  minute,  or  6*1  per  cent,  of  the  total  feed. 
The  rate  at  which  the  supplementary  feed-water  was  supplied  is 
shown  in  Fig.  22,  Plate  51,  along  with  the  variations  of  water-level 
in  the  boilers,  Fig.  23. 

Practically  the  whole  of  the  water  from  the  jacket  and  cylinder 
drains  was  returned  into  the  feed-measuring  tanks,  and  therefore 
re-pumped  into  the  boilers. 

Power  Measurement. — Indicator  diagrams  were  taken  every  half- 
hour  from  each  end  of  each  cylinder,  as  in  the  former  trials.  There 
were  thus  32  complete  sets  of  diagrams,  or  192  single  diagrams, 
taken  in  all.  The  indicators  used  were  again  kindly  lent  by  Messrs. 
T.  S.  M'Innes  and  Co.  of  Glasgow,  and  were  the  same  that  had  been 
in  use  in  the  trials  of  the  "  Colchester  "  and  "  Tartar  "  (Proceedings 
1890,  pages  219  and  231).  The  springs  used  were  in  most  cases 
new,  and  had  all  been  carefully  tested  before  the  trial.  Tho 
following  are  the  mean  effective  pressures  in  the  cylinders  in  lbs.  per 
square  inch : — 


Cylinder. 

Top. 

Bottom. 

Mean. 

High-pressure 

47-98 

45-32 

4G-65 

Intermediate 

20-52 

20-36 

20-44 

Low-pressure 

G-80 

7-52 

7-1G 

These  pressures  correspond  with  the  following  indicated  horse- 
powers : — 

Iliirh-pressurc  cylinder  ....  205 -G 

Intermediate  cylinder  ....  221*2 

Low-pressure  cylinder  ....  218*6 


Total  Indicated  Horse-Power    .        .        .        645*4 
The  maximum    indicated    horse-power    given   by  any  one   set   oi 

diagrams  was  667*9,  which  occurred  :it  8.  15  a.m.  on   11th  July,  with 

Gl*3  revolutions  per  minute,  and  boiler  pressure  of  1<-,:;  }],<.  j,(T 
•quare  inch.  The  minimum  indicated  hone-power  by  any  one  ae( 
of  diagrams  was   627*5,  al    7.15   p.m.  on    18th   July,  with    61*4 
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revolutions  per  minute,  and  boiler  pressure  of  1G2  lbs.  per  squaro 
incb.  In  Plate  46  is  given  tbe  set  of  diagrams  nearest  to  tbe  mean, 
which  was  taken  at  10.45  p.m.  on  13th  July,  with  61*5  revolutions 
per  minute,  and  boiler  pressure  of  165  lbs.  per  square  inch.  From 
the  192  diagrams  which  were  taken  during  the  trial  a  mean  diagram 
lias  been  plotted  for  each  oi  the  three  cylinders,  and  these  are  given 
in  Plate  47.  Eight  diagrams  were  taken  from  the  circulating  pump 
during  the  trial,  four  from  each  end,  and  examples  of  these  are 
shown  in  Fig.  14,  Plate  48.  The  average  power  given  by  these 
diagrams  is  12*4  indicated  horse-power  at  the  mean  speed  of  61*1 
revolutions  per  minute.  Six  diagrams  were  taken  from  the  air 
pump,  which  is  single-acting ;  and  examples  of  these  are  shown  in 
Fig.  13,  Plate  48.  The  average  power  given  by  these  diagrams  is  1*2 
indicated  horse-power  at  the  mean  speed  of  61 -1  revolutions  per 
minute.  Several  diagrams  were  also  taken  during  the  trial  from 
the  first  receiver,  the  indicator  barrel  being  actuated  from  the  cross- 
head  of  the  intermediate  cylinder ;  from  the  second  receiver  when 
the  barrel  was  actuated  from  the  high-pressure  cross-head,  and  again 
when  it  was  actuated  from  the  low-pressure  cross-head  ;  and  also 
from  both  ends  of  the  condenser.  Examples  of  the  receiver  diagrams 
are  shown  in  Figs.  10,  11,  and  12,  Plate  48  ;  the  condenser  diagrams 
are  merely  horizontal  straight  lines  showing  a  mean  absolute  back- 
pressure of  1-2  lbs.  per  square  inch.  The  continuous  variations  of 
ure  are  shown  in  Fig.  3,  Plate  45  ;  of  cylinder  mean  effective 
pre  ig.  5  ;  of  horse-power  in  Fig.  2  ;  and  of  speed  in  Fig.  4. 

Counter  was  read  every  half-hour.     The  total  number 

made  was  58,051  in  10  hours,  giving  an  average  speed 

solutions  per  minute  throughout  tin;  trial.      The  maximum 

number  <>1*  revolul  i  r  minute  i'<>r  any  half-hour  during  tin;  trial 

□  1   the  minimum   59*7    revolutions.     Tim   continuous 

i„,  from  the  beginning  of  the  trial  is  shown 

/v     ,  ,,  9  &c. — All  the  pressure-]  connected  with  the  i 

i    |„,ii,  ,  met       of  r   standard   gauge,  and   a 
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correction  allowed  for  where  necessary.  The  mean  barometric 
pressure  during  the  trial  was  29*67  inches  of  mercury,  or  14*58  lbs. 
per  square  inch.  The  mean  boiler-pressure  was  165*0  lbs.  per 
square  inch  above  the  atmosphere  by  the  pressure-gauges  in  the 
engine-room.  The  mean  pressures  in  the  high-pressure  valve-chest, 
first  receiver,  and  second  receiver  were  respectively  160*0  and  41*7 
and  2  *  4  lbs.  per  square  inch  above  the  atmosphere.  The  mean  vacuum 
in  the  condenser  was  28*25  inches  of  mercury  by  gauge,  which 
corresponds  with  a  mean  absolute  back-pressure  in  the  condenser  of 
0*70  lb.  per  square  inch.  The  mean  pressures  in  the  first  and 
second  receivers,  as  measured  from  the  indicator  diagrams  taken,  were 
respectively  38*0  and  0*6  lbs.  per  square  inch  above  the  atmosphere ; 
and  the  mean  absolute  back-pressure  in  the  condenser,  as  measured 
from  the  diagrams,  was  1  *  0  forward  and  1  *  4  aft,  or  a  mean  of 
1*2  lb.  per  square  inch.  The  mean  initial  pressure  in  the  high- 
pressure  cylinder,  as  measured  from  the  diagrams,  was  142  *  5  lbs.  per 
square  inch  above  the  atmosphere ;  and  the  mean  vacuum  in  the  low- 
pressure  cylinder,  as  measured  from  the  diagrams,  was  12*74  lbs. 
per  square  inch,  which  corresponds  with  a  mean  absolute  back- 
pressure of  1*84  lbs.  -per  square  inch  in  the  cylinder. 

Boiler  Efficiencies. — The  mean  rate  of  combustion  in  the  furnaces 

was  22*4  lbs.  of  coal  per  square  foot  of  actual  grate  surface  per  hour, 

or  0*30  lb.  per  square  foot  of  total  heating  surface  per  hour.     Tho 

total  amount  of  feed-water  pumped  into  tho  boilers,  as  given  in  ait 

earlier  paragraph,  corresponds  with  9*15  lbs.  per  lb.  of  coal.     Tho 

rage  temperature  of  the  feed  was  106    Fahr.,  and  the  temperature 

responding  with  the  mean  boiler-pressure  W8  j   BO  that 

h  lb.  of  steam  must  have  taken  up  (212-106)  +  (J66  -f  0*305  X 

(o7.')-212)  =  1,122  thermal  units.      The  equivalent  evaporation  from 

and  at   212     Fahr.  was  therefore  10*68  lbs.  of  water  per  lb.  i 

lo  •  li*  Lbs.  per  lb.  of  carbon-value  in  the  coal.     The  equivalent 

amount  of  heat  utilised  per  lb.  of  coal  would  be  10,265  thermal  units, 
.  of  the  thermal  value  of  the  fuel.     This  figure 

eoi;  the   actual    boiler   cllicii  Q< 
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The  scries  of  analyses  of  chimney  gases  given  on  page  209  enable 
the  weight  of  the  air  used  per  pound  of  coal  to  be  calculated.  Tho 
weight  of  dry  air  per  lb.  of  coal  thus  worked  out  amounts  to  24*  5  lbs., 
so  that  the  total  weight  of  furnace  gases  per  lb.  of  coal  would  be 
about  25*4  lbs.  These  gases  have  been  raised  in  temperature  from 
<*»2  Fahr.,  the  temperature  of  the  outer  air,  to  452°  Fahr.,  the 
ii nan  chimney  temperature.  Taking  the  mean  specific  heat  of 
the  gases  as  0  *  243,  this  corresponds  to  a  loss  of  2,407  thermal  units 
per  lb.  of  coal,  or  16*2  per  cent,  of  the  whole  calorific  value  of 
the  fuel.  In  estimating  the  weight  and  specific  heat  of  the  gases, 
it  has  been  assumed  that  the  whole  of  the  hydrogen  in  the  fuel 
was  burnt.  No  doubt  this  is  not  an  entirely  correct  assumption, 
bat  the  error  due  to  it  is  very  small.  The  loss  due  to  the  evaporation 
of  the  moisture  in  the  fuel  is  so  small  that  it  may  be  neglected ; 
and  in  no  one  of  the  thirteen  analyses  was  any  carbonic  oxide  found 
to  be  present  in  the  gases.  The  quantity  of  heat  not  accounted  for 
Lb  therefore  14 'G  per  cent.,  which  is  mainly  covered  by  the  radiation, 
but  includes  also  any  losses  due  to  unburnt  carbon  passing  up 
the  chimney,  and  to  imperfect  combustion  of  the  hydro-carbons,  &c. 

The  weight  of  air  theoretically  necessary  for  the  complete 
combustion  of  1  lb.  of  coal  is  11*4  lbs.  The  air  actually  used  is 
therefore  about  2*15  times  the  amount  theoretically  required. 

The  weight  of  water  evaporated  from  and  at  212°  Fahr.  per 
square  foot  of  total  heating  surface  was  3*17  lbs.  per  hour. 

Tho  average  rate  of  transmission  of  heat  through  tho  material  of 
the  boiler  was  3,059  thermal  units  per  square  foot  of  heating  surface 

hour. 

0  \  0  wmption.  The  total  coal  burnt,  namely  942  lbs.  per 
boor,  corn  pond  to  I  ■  \('>  Lbs.  per  indicated  horse-power  per  hour. 
Thi  liyaleni  to  !•  19  Lbs.  of  carbon-value  per  indicated  horse- 

i        r  ]/«■)•  hour. 

Engin*   I  The  total  indicated  horse-power  being  645*  4, 

and  the  total   feed-wal  ed  per  hour  being  8,Glo'   ll>s.,  the  feed 

water  used  per  indicated  horse-power  ]»<t  hour  wai    13*86  lbs.     The 
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actual  beat  received  by  tbe  feed- water  per  minute  was  1G1,100 
tberuial  units,  or  249  ■  6  tbernial  units  per  indicated  borse-power  per 
minute,  wbicb  is  69*2  per  cent,  of  tbe  wbole  beat  of  combustion.  Tbe 
absolute  engine  efficiency,  or  ratio  of  tbe  beat  turned  into  work  to  tbe 
beat  given  to  tbe  feed- water,  was  17  *  1  per  cent. 

Total  Efficiency. — Tbe  combined  efficiency  of  tbe  boilers  and 
engines,  or  ratio  of  tbe  beat  turned  into  work  to  tbe  total  beat  of 
combustion  of  tbe  fuel,  was  0*692  X  0*171,  wbicb  is  equivalent  to 
11*8  per  cent. 

Steam  from  Indicator  Diagrams. — Tbe  following  are  tbe  results 
of  measurements  made  upon  tbe  indicator  diagrams  taken,  to 
ascertain  tbe  proportion  of  steam  accounted  for  by  tbem.  Tbe  actual 
weigbt  of  feed- water  used  per  revolution  was  2  *  35  lbs. : — 


Proportion  of  Steam 
accounted  for 

by  indicator  diagrams. 

Lbs. 
pel- 
Revolution. 

Percentage 

of 

Total 

Feed. 

Percentage 

in  Jacket 

or  present 

in  cylinder 

as  water. 

Steam  present  in  higb-pressure  cylinder 
after  cut-oft",  when  the  pressure   was 
125-4  lbs.  per  square  inch  above  the 
atmosphere       ..... 

St'  :un  present  in  intermediate  cylinder, 
when   the  pressure  was  19*4  ibs.   per 
equate  inch  above  the  atmosphere 

Bteam  present  in  low-pressure  cylinder 

near  end  el'  expansion,  when  the  pres- 
nue    was    S*G  lbs.    })cr    square    inch 
below  the  atmosphere 

Lbs. 
1-49 

1-7G 
1-39 

Per  cent. 
G3-4 

74-9 
59-1 

Per  cent. 
3GG 

25'1 

40  9 

Subsequent  Trial  by  CJiief  Engineer. — After  the  trial  above 
described  had  been  carried  out,  the  "  lona "  made  a  voyage  up  tbe 
lfediterran<  an.  and  on  hex  return  journey  from  the  island  of  Berpho 
to   Botterdam,  on  15th  August  1890,  when  the  vessel   was  oil'  the: 

f    Tunis    and   Algeria,    tbe    Chief    Engineer    of    the    \< 

Mr.  J.  Fiddee  Brown,  carried  out  a  trial  on  his  own  account.    The 
weather  was  fine  throughout]  the  trial,  with  light  bead  winds,  but  the 
1  was  rolling  aomewhal  during  the  latter  part,     The  mean  draft 
during  tin  trial  was  about  -" 
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The  duration  of  the  trial  by  chronometer  was  10  hours  53  minutes, 
or  G53  minutes. 

As  in  the  Committee's  trial  in  July  (page  204),  the  coal  was  twice 
weighed,  the  difference  between  the  two  methods  of  weighing  being 
only  1*2  per  cent.,  which  is  accounted  for  by  the  difficulty  of 
weighing  accurately  during  the  rolling  in  the  latter  part  of  the  trial. 
The  total  coal  used  was  10,631  lbs.,  or  16*3  lbs.  per  minute. 

Indicator  diagrams  were  taken  from  each  end  of  each  cylinder 
every  half-hour  throughout  the  whole  trial.  Two  Eichards  indicators 
were  used ;  one  was  kept  constantly  on  the  high-pressure  cylinder, 
while  the  other  was  changed  between  the  intermediate  and  low- 
pressure  cylinders.  The  indicators  were  attached  to  the  cylinders  by 
the  usual  long  pipes  and  bends,  and  top  and  bottom  diagrams  from 
the  same  cylinder  were  taken  on  each  paper.  In  this  way  22 
complete  sets,  or  66  separate  papers  with  two  diagrams  on  each,  were 
obtained.  The  maximum  indicated  horse-power  from  any  one  set  of 
diagrams  was  730  •  0,  taken  at  1 . 0  p.m. ;  and  the  minimum  from  any 
one  set  was  683  •  5,  taken  at  3 .  30  p.m.  In  Plate  50  is  given  the  set 
of  diagrams  nearest  to  the  mean,  which  was  taken  at  4 . 0  p.m.  on 
16th  August,  with  64*0  revolutions  per  minute,  and  boiler  pressure 
of  1'].']  Lbs.  per  square  inch. 

The  revolutions  were  counted  once  in  each  quarter  of  an  hour, 
and  the  mean  of  all  the  observations  gave  an  average  speed  throughout 
the  trial  of  63*9  revolutions  per  minute. 

The  mean    barometric   pressure    throughout  the  trial  was    30*1 

inches  of  mercury, or  14*8  lbs.  per  square  inch.    The  mean  pressures 

in  •  :  and  second  receivers  were  respectively  41*5  and  1*8  lbs. 

e  inch  above  the  atmosphere.    The  mean  readings  of  the 

Wat  i  with    the  forced-draught   aj>paratus  were  as 

follows: — 

I  I'l 

.'   fan  ....         1  '08  inch  of  v,;i 

■'ir-tniiil  .,i  boilers   .         .         .      0*78    „  „ 

•  ■I  four  .         .      0*82    „  „ 

<»i*  the  fan  engine  was  218-5  revolutions  per 
minute,  and  the  indicafc  <1  boree-power  developed  was  2-6.    Ah  in 
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the  Committee's  trial  in  July  (page  203),  steam  was  supplied  to  the 
fan  engine  from  the  donkey  boiler.  The  mean  temperature  of  the 
gases  in  the  uptake  of  the  furnace  (see  correction  in  page  238),  as 
indicated  by  a  pyrometer  placed  at  a  height  of  6^  feet  above  the 
level  of  the  fire-bars,  is  given  as  672°  Fahr. 

The  principal  results  of  the  August  trial  are  given  in  Table  10, 
pages  220-222,  along  with  those  of  the  Committee's  trial;  and  it  will 
be  seen  that  these  two  sets  of  results  agree  remarkably  well.  The 
only  essential  difference  between  them  is  that  in  the  August  trial  the 
ooal  is  given  as  1*38  lbs.  per  indicated  horse-power  per  hour, 
whereas  in  the  July  trial  it  was  1-46  lbs.  per  indicated  horse- 
power per  hour.  The  same  description  of  coal  was  used  in  both 
of  the  trials.  In  the  August  trial  the  feed-water  was  not 
measured,  and  the  drain  and  jacket  water  was  delivered  direct  into 
the  hot- well,  instead  of  being  allowed  to  collect  gradually  in 
measuring  tanks  before  being  mixed  with  the  feed-water.  In 
consequence  mainly  of  this,  the  feed-water  entered  the  boiler  at  a 
mean  temperature  of  157°  Fahr. ;  whereas  in  the  July  trial  the  mean 
feed-temperature  was  only  10G°  Fahr.  The  difference  between  the 
amount  of  heat  taken  up  in  the  boiler  by  one  lb.  of  water  in  the  two 
trials  is  4#6  per  cent,  of  the  larger  amount.  The  difference  between 
the  two  fuel  consumptions  is  5-5  per  cent,  of  the  larger  amount. 
These  two  results  strikingly  corroborate  each  other,  and  show  how 

tly  it  is  possible  to  estimate  beforehand  the  actual  saving  duo 
to  the  heating  of  the  feed-water.     The  consumption  of  coal  in  the 
I   trial,  if  calculated  for  the  conditions  under  which  the  July 
trial  was  carried  out,  would  be  1*45  lbs.  of  coal  per  indicated  hor 

BT    per    hour.      The    continuous    variations    of    boiler    pi. 
cylinder  mean  effective  pressures,  horse-power,  and  speed,  during  the 

ost  trial,  arc  shown  in  Plate  49. 

of  V  ireful  measurements  from  the  ship's 

chart,  taken  by  Captain  Cranston  at  regular  into           throughout  the 

rial   and  embodied   in   the   ship'     I        a    continuous 

:  Lng  Log  i  «1  of  the 

and  the  roadii  half-hour  during  th< 
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captain  or  the  officer  on  watch.  The  following  extract  from  the  ship's 
log,  relating  to  the  time  of  the  trial,  has  been  kindly  furnished 
by  Captain  Cranston. 


Time. 

Headlands,  &c.,  and  Weather. 

Distance  in 
Nautical  Miles. 

By  Log. 

From 
Chart. 

13  July  1890 
1.0  p.m. 

6.0     „ 

6.30  „ 

9.30  „ 

14  July 

3.40  a.m. 

4.20     „ 

7.0      „ 

8.50    „ 

9.45    „ 

10.30    „ 
10.50     „ 

(Passed  Shields  Pier.     Set  log  at  zero.         1 
\Light  S.W.  wind.     Smooth  sea.                    j 

("Passed  Whitby  Light-houses.                        1 
\Fresh  S.W.  breeze.     Smooth  sea.                 / 

Off  Kobin  Hood  Bay.     Trial  began. 

("Passed  Flamborough  Head.                           \ 
\Fresh  S.W.  breeze.     Slight  head  sea.          J 

("Passed  Outer  Dowsing  Light-vessel.            1 
\  Fresh  S.W.  breeze.     Slight  head  sea.          J 

("Passed  Dudgeon  Light-vessel.                       ~\ 
\Rising  wind.     Moderate  sea.                        j 

("Passed  Hasborough  Light-vessel.                \ 
\Stroug  S.W.  wind.     Slight  head  sea.           / 

led  Newarp  Light-vessel.                      ~\ 
[Strong  S.W.  wind.     Blight  head  sea.           J 

Passed  Middle  Cross  Sand  Light-vessel. 

Off  Yarmouth.     Trial  ended. 

Passed  Gorton  Light-vessel. 

0 

39-8 
44-5 
69-5 

122-5 
128-0 
150-8 

167-5 

173-0 
179-5 

182-0 

0 
40-0 

70-0 

123-5 

130-0 

155-0 

167-0 
174-0 

181-0 

The  distance  recorded  by  the  registering  log  during  the  trial  was 
fore   179*5  —  44*5  or  135  nautical  miles  in  10  hours,  which  is 

equivalent  to  a  mean  speed  of  8*4  knots.  The  distance  traversed  by 
bip  during  the  trial  us  measured  from  the  chart  was  L88  nautical 
.  frhich  is  equivalent  to  a  mean  speed  during  the  trial  of  8*6 

knol 


Then  i  added  to  this  report  Table  10,  pages  220-222,  showing 
the  leading  results  of  the  trial  of  the  "Ioha"  carried  out  by  the 
Committee  on  Ldtfa  and  l  Itli  duly  L890*  and  beside  these  are  placed 
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the  corresponding  figures  for  the  subsequent  trial  made  by  the  Chief 

Engineer  on  loth  August.     There  is  also  added  an  appendix  giving 

a  list  of  the  Members  of  this  Institution  and  others  who  have  taken 

part  in  the  Committee's  trial. 


Appendix. 

Staff  of  Observers. 

*  Members  of  the  Institution  are  marked  with  an  asterisk. 

One  watch  was  taken  by  Mr.  A.  G.  Ashcroft,  along  with  Messrs. 
A.  Brownsword,  W.  A.  Cloud,  W.  Kennedy,  L.  A.  Legros,*  P.  S.  S. 
Pilcher,  and  E.  C.  de  Segundo.  The  other  watch  was  taken  by 
Professor  Kennedy,*  along  with  Messrs.  H.  F.  W.  Burstall,  H.  E.  J. 
Burstall,*  J.  T.  Ewen,  S.  B.  B.  Hebb,  J.  S.  Kuell,  and  J.  H.  Sharman. 
Mr.  C.  J.  Wilson  collected  the  gas  samples  during  the  whole  of  the 
trial.  Mr.  John  R.  Fothergill,*  who  is  the  Superintending  Engineer 
for  the  owners,  and  Mr.  Thomas  Mudd,*  the  manager  of  the  Central 
Marine  Engine  Works,  were  both  on  board ;  and  Mr.  J.  Fiddes  Brown, 
Chief  Engineer  of  the  ship,  as  well  as  his  staff,  gave  every  possible 
assistance  in  the  work.  The  Committee  are  much  indebted  also  to 
Captain  Joseph  Cranston  and  his  officers  for  their  courtesy  throughout 
the  whole  of  the  o2>erations. 
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TABLE  10  (continued  to  page  222). 

ComparcUive  Results  of  two  Trials  of  the  Steamer  "Iona." 


1 

Trial  made  by    . 

Research. 
Committee. 

Chief 
Engineer. 

1890 

1890 

2 

of  Trial 

13  &  14  July 

15  August 

3 

Duration  of  Trial        .         .         .           hours 

16 

10-88 

4 

5 

Type  of  Engines         . 

Triple 

Triple 

Cylinder  diameter,  high-pressure           inches 

J  21*88 

J  21-88 

G 

„             „         intermediate .         inches 

N  34-02 

N  34-02 

7 

„              „         low-pressure  .         inches 

N  56-95 

N  56 • 95 

8 
9 

Stroke,  length    ....          inches 

39 

39 

Boilers,  number  of  main  boilers  . 

2 

2 

lo 

„       single-ended  or  double-ended  . 

Single 

Single 

11 

Furnaces,  total  number       .... 

4 

4 

12 

ing  surface,  total           .          .  square  feet 

3,1G0 

3,1G0 

id 

„            „       tubes        .         •  square  feet 

2,590 

2,500 

14 
15 

1       e  area  (actual)     .         .         .  square  feet 

42 

42 

1  h<  ating  surface  to  './rate  area          ratio 

75*2 

75-2 

16 

Tube  surface  to  grate  area  .         .           ratio 

61-7 

61*7 

17 

1            rea  to  flue  area  through  tubes     ratio 

23 

2-3 

18 

„        „        area  through  runnel          ratio 

1*4 

1-4 

M( 

Lbs.  per  oq 

iiare  Lnch. 

19 

•i  boiler-pressure  above  atmosphere 

165-0 

1G2  0 

„     admission    „    high-pressure  cylinder 

above  atm. 

L42-5 

147*8 

21 

„     effective      „    high-pressure  cylinder 

fc6*65 

47-:;:; 

„          „                 intermediate          „ 

20-  11 

20-21 

„          „            „    low-pressure           „ 

7  -JO 

7*96 

24 

„          „            „    total  reduced  to 

low-pn . 

21*18 

21*95 

„                       .,    low-pressure  cylinder 

beuro  atm. 

12*74 

12*8 

„     vacuum  in  condenser  below  atm. 

18' 

18*76 

l  I.    N  =  I 
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(continued  from  preceding  page)  TABLE  10. 
Comparative  Results  of  two  Trials  of  the  Steamer  "Iona." 


27 

Trial  made  by    . 

Research 
Committee. 

Chief 

Engineer. 

Revolutions  per  minute,  mean      .          .  revs. 

Gil 

63-9 

28 

Piston  Constant,  high-pressure  cyl.       .  H.P. 

441 

4-G1 

29 

„           ,,         intermediate     „         .  H.P. 

10-82 

11-32 

30 

„           „         low-pressure     „         .  H.P. 

30-54 

31-93 

31 

Indicated  horse-power,  high-p.    „          I.H.P. 

205-6 

221-0 

32 

„                   „             inter.       „          I.H.P. 

221-2 

231-7 

33 

low-p.     „         I.H.P. 

218-6 

255-0 

34 
35 

„                  „             mean  total         I.H.P. 

645-4 

707-7 

Coal  burnt  per  minute         .          .         .     lbs. 

157  " 

16*3 

„        „      pel  hour   ....     lbs. 

942 

978 

37 

„        „      pet  square  foot  of  actual 

grate  area  per  hour     lbs. 

22-4 

23-3 

38 

„        „      per  square  foot  of  total 

heating  surface  per  hour    lbs. 

0-298 

0-310 

39 

„        „     per  indicated 

horse-power  per  hour     lbs. 

1-46 

1-38 

40 

Carbon-value  of  1  lb.  of  coal  as  used  .     lbs. 

102 

. . . 

41 

„         „      equivalent  per  indicated 

horse-power  per  hour     lbs. 

1-49 

... 

42 

Feed-water  per  minute        .         .         .     lbs. 

143-6 

43 

„        „       per  hour  ....     lbs. 

8,6KJ 

... 

44 

„         „       p<  .                foot  of  total 

heating  surface  per  hour 

2-7:; 

... 

i:, 

„         „       per  lb.  of  coal  .          .          .     lbs. 

9-15 

... 

„        „      per  lb.  of  coal 

from  and  a1  212"  P.    lbs. 

10 

. . . 

17 

„        „      per  lb.  of  carbon-value 

from  and  at  212    W.    lbs. 

10-12 

... 

L8 

„        „      per  indicated 

hi               t  ]"  r  hour    Lbs. 

13 

... 

19 

irific  value  <>f  1  lb.  <>'                   1,  Th.  U. 

11. 

otage  of  lino  49  taken  a] 

i<  i  d-wat  r    per  oent 

'2 

... 

51 

„         „      ..     ..  oarried  away  by 

furnace  pasea  p.  cent. 

16*2 

52 

„          „     „     „  losl  by  imperfi 

•ustion 

oi) 

... 

53 

„     „     ,,  osed  in  evaporating 

moisture  in  coal  \>.  <•. 

OK 

54 

„      ,,    .,    unaccounted  for    p.  <• 

lit; 

... 

222 


MARINE-ENGINE    TRIALS. 


April  L891, 


TABLE  10  (concluded  from  page  220). 

I     nparative  Results  of  two  Trials  of  the  Steamer  "Iona." 


56 
57 


58 
59 
60 

CI 

62 
63 


64 
67 

7" 


71 
72 
7:; 
74 

76 


77 


Trial  made  by 


Heat  taken  up  by  feed- water  per  min.,  Th.  U. 
„  turned  into  work  per  minute  Th.  U. 
„     taken  up  by  feed-water  per  indicated 

horse-power  per  minute,  Th.  U. 


Efficiency  of  boiler  (line  50)  .  per  cent. 
„  of  engine  (line  56  -f-  line  55)  p.  c. 
„         of  engine  and  boiler  combined 

(line  58  x  line  59)     per  cent. 
Mean  velocity  of  steam  through 

water-surface  in  boilers  per  minute  feet 
Space  occupied  by  boilers  per  I.H.P.,  cub.  ft. 
Weight  of  engines,  boilers,  &c, 

with  water,  per  I.H.P.,  tons 
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Discussion. 

Professor  Kennedy  hoped  that  the  importance  of  the  figures 
given  in  the  Research  Committee's  present  report  might  be  sufficient 
to  justify  or  overbalance  its  unavoidable  dryness  and  stiffness  for 
reading.  It  was  of  course  the  business  of  the  Committee  simply  to 
state  the  facts  and  figures  obtained,  and  not  to  endeavour  to  make 
the  report  more  interesting  by  comments  upon  the  trial. 

With  regard  to  the  apjwatus  used  for  measuring  the  priming 
(page  210),  which  was  simply  an  arrangement  of  a  small  surface- 
condenser,  he  had  made  since  the  trial  a  more  permanent  copy  of  it, 
and  had  found  that  it  worked  exceedingly  well,  giving  results  which 
were  very  easily  got  at. 

In  the  diagrams  taken  from  the  two  receivers,  Figs.  10  to  12, 
Plate  48,  it  was  a  mistake  for  the  area  enclosed  by  the  two  curves  to 
be  shaded,  as  though  they  were  indicator  diagrams  from  the  steam 
cylinders.  The  mean  pressure  marked  on  each  diagram  represented 
the  mean  pressure  in  either  receiver,  in  Figs.  10  and  11  above 
the  atmosphere  and  in  Fig.  12  below  the  atmosphere,  as  simply 
measured  from  the  two  curves  that  were  taken  in  one  conqdeto 
revolution  ;  it  had  nothing  to  do  with  the  area  of  the  figure,  and  there 
was  no  meaning  in  shading  the  area  between  the  two  curves,  which 
made  them  look  as  though  they  were  cylinder  indicator  diagrams. 
[This  has  now  been  rectified  by  the  omission  of  the  shading  in 
Figs.  10  to  12.]  As  it  was  over  equal  intervals  of  time  that  the 
mean  pressure  was  wanted,  it  was  evidently  necessary  to  allow  for 
the  angle  of  the  crank  ;  and  it  would  be  noticed  that  in  these  three 
diagrams  the  figures  representing  the  jK'rcentages  of  the  half 
revolution  were  not  spaced  at  equal  distances  apart,  as  they  would 
l»c  tor  the  stroke  of  the  piston,  but  the  Subdivisions  were  marked    t>> 

correspond  with  equal  angles  of  the  crank,  neglecting  the  obliquity 
of  the  connecting-rod.     The  mean  of  the  two  ordinates  at  each  of 
these  subdivisions  was  then  taken  for  arriving  at  the  mean  pn 
throughout  the  entire  revolution. 

In   Table  10,  appended  to  the   report,  the  further  information 
ssko  1  for  in  the  previous  discussion  had  U  en  added  ;i-  far  oh  poRsibb . 
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More  particulars  no  doubt  might  still  be  wanted,  which  he  was  sure 
would  be  given  with  great  pleasure,  so  far  as  the  desired  information 
was  available.  The  report  of  the  Committee's  trial  was  made 
considerably  more  interesting  by  the  fact  that  the  chief  engineer, 
Mr.  Brown,  whom  he  was  glad  to  see  present,  had  been  able  since  to 
carry  out  a  trial  of  his  own,  which  he  had  done  with  great  care  and 
accuracy  ;  and  in  coal  consumption  per  indicated  horse-power  per  hour 
this  subsequent  trial,  so  far  as  it  went,  gave  results  remarkably  close 
to  those  which  had  actually  been  obtained  in  the  Committee's  trial. 
This  was  a  highly  interesting  matter,  because  the  chief  engineer's 
trial  had  been  carried  out  independently  during  the  course  of  an 
actual  voyage. 

Mr.  John  R.  Fotiiergill,  superintendent  engineer  for  the  owners 

of  the  "  Iona,"  drew  attention  to  the  deflector  plate  D  hung  at  the  back 

of  the  furnace,  Fig.  32,  Plate  57,  the  object  of  which  was  to  deflect  the 

.iter  they  had  passed  over  the  bridge,  so  that  they  were  thrown 

down  to  the  bottom  of  the  combustion  chamber  ;  and  as  the  air  which 

came    in  through  the  nozzle  at  the  back  of  the  chamber  was  not 

admitted  in  a  stream,   but   was   subdivided  into   a  number  of  jets, 

it   had  not  a   chilling  effect,  but  was   taken  up  by  the  gases   and 

thoroughly  mixed.     Uy  this  means,  as  was  shown  by  the  analysis  of 

th<  :u  Table  0,  very  complete  combustion  was  obtained  of  the 

89  in  the   combustion  chamber,  where  it  was   better  to  havo  the 

it  developed.     If  there  were  an  intense  local  heat  in  the  furnace, 

the  probability  was  that  it  might  do  harm  there  ;   and  his  experience 

was    that,   by  getting    the    complete    combustion   in   the   combustion 

were  obtained   in   all   respects,  without  any 

irting  tl  -  Leak. 

I  these  were  with  forced  draught,  it  might 

ing  that  the  ashpit  pressure  was  so  low  as  only 

0- 17  inch  of  water  (j  \).   The  explanation  was  that  the  steamer 

ith  mo  '  t  coal,  forming  very  little  clinker,  so  that 

the  fii'  !    only  once  during  the  whole   trial    (page  205). 

Willi  this  coal  indeed  lie  had  found  that  if   was  not  0608 BSary  to  clean 

:.     ut    all:   and   he  somewhat    regretted    thai  they  had    been 
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cleaned  even  that  once  in  the  trial,  as  the  grate  area  was  perfectly 
clean,  and  no  clinker  had  heen  formed  ;  and  the  fires  were  not  thick, 
because  the  grate  area  was  somewhat  large  for  the  quantity  of  coal 
burnt,  which  amounted  to  only  22*4  lbs.  per  square  foot  of  grate 
per  hour,  whereas  the  quantity  usually  burnt  was  about  25  or  26  lbs. 
Thus  the  air  was  passing  ivp  through  the  fire  more  rapidly  in  the 
trial  than  it  would  do  under  ordinary  working  conditions  on  a  voyage, 
where  the  fires  got  somewhat  dirty,  and  where  there  would  therefore 
be  a  higher  pressure  in  the  ashpit ;  and  this  really  accounted  for  the 
somewhat  large  quantity  of  air  supplied  to  the  furnace.  It  would 
accordingly  be  noticed  that  in  the  trial  made  by  the  chief  engineer 
the  pressure  in  the  ashpit  had  gone  up  to  0  •  32  inch  of  water  (pago 
216),  which  would  be  about  the  average  pressure  used  in  the  regular 
voyages.  In  the  trial  the  fan  was  running  slowly,  at  only  180 
revolutions  per  minute  ;  its  ordinary  speed  at  sea  was  220  revolutions. 
But  although  it  was  running  slower  in  the  trial,  it  would  be  seen 
that  the  quantity  of  air  had  been  exceptionally  large.  With  L 
air  the  combustion  of  the  gases  might  not  have  been  quite  so 
complete,  but  he  thought  the  boiler  efficiency  would  have  been  equal, 
if  not  greater,  because  less  heat  would  have  been  lost  by  passing 
away  with  the  excess  of  air. 

In  Tables  11    and  12    (pages    226-7)    were   given    the   general 
commercial  result  egarded  coal  consumption   in  four  voyaj 

made  by  the  "  Iona  "  during  the  year  November  1889  to  November 
1890  :  the  first  and  second  were  Indian  voyages,  and  the  third  and 
fourth  Mediterranean.  The  Committee's  trial  had  been  made  at  the 
beginning  of  the  third  voyage,  in  which  it  would  be  Been  that 
practically  no  coal  was  received  abroad,  that  is  at  ports  out  of  the 
United  Kingdom  ;  and  the  average  consumption  during  the  whole 
voyage  was    1  *  1')  lbs.  per  indicated   horse-power  per   hour.     The 

■  nits  of  the  tlm  •  .  when  similarly  worked  out  and  when 

Id  per  cent.  •  from  all  the  coal  received  abroad,  came 

oarkably  close  to  the  Mime  consumption,  namely  1-11  and  J 
and  L*39  lbs.  These  figures  he  thoughl  were  highly  interesting 
Bhowing  that  the  I  It'  had  uot  tx  en  conducted  under  exceptional 

or  special  circumstances,  but  that  the  nv  hole  history  of  tin  ship  through 
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these  four  voyages,  both  the  two  Indian  and  the  two  Mediterranean, 
corresponded  with  remarkable  accuracy  with  the  trial  itself,  in  which 
the  coal  consumption  per  hour  per  indicated  horse-power  was 
1-46  lbs. 

One  point  to  which  attention  might  be  drawn  was  that,  with  this 
consumption  of  1*46  lbs.  of  coal  per  indicated  horse-power  per  hour, 

given  in  the  report,  the  temperature  of  the  feed-water  was  only 
10G",  due  to  its  passing  through  the  measuring  tanks.  The  usual 
temperature  of  the  feed- water  was  159°,  which  implied  nearly  5  per 
cent,  less  heat  for  its  evaporation.  Therefore  if  5  per  cent,  were 
deducted  from  the  actual  coal  consumption  in  the  trial,  it  would  be 
brought  down  to  1*39  lbs.  per  indicated  horse-power  per  hour,  which 
corresponded  with  the  1  *  38  lbs.  obtained  by  the  chief  engineer  with 
the  feed- water  temperature  of  157°. 

Mr.  Thomas  Mudd,  manager  of  the  Central  Marine  Engine  Works 
where  the  "  Iona  "  was  engined,  considered  it  a  fortunate  circumstance 
that  the  trial  now  reported  had  been  made  in  a  steamer  whose 
chief  engineer  had  afterwards  made  such  careful  efforts  to  get 
independent  information  for  himself,  which  could  be  read  parallel 
with  Professor  Kennedy's  trial,  thereby  affording  a  valuable 
corroboration  of  the  results  reported.  It  was  also  fortunate,  he 
thought,  that  the  ship  happened  to  be  one  of  a  fleet  superintended  by 
Mr.  Fothergill,  whom  he  knew  to  be  one  of  the  most  particular, 
untiring,  and  methodical  of  superintending  engineers  in  his 
-  to  get  at  the  whole  history  of  the  ships  under  his  charge. 
Although  he  bed  not  had  the  advantage  of  being  present  at  the 
diBCOMlOn  of  the  Gommittee'8  previous  trials,  he  understood  it  was 
their  with  that  the  discussion  should  deal  with  the  trials  themselves 
ethodfl  in  which  they  were  conducted,  rather  than  with  any 
.ju,  instruction  of  the  engines.     With  this  wish  he  would 

,iir  to  fall  in  m  far  as  possible,  although  naturally  the  line  of 

DMicatioii  itm  rather  indistinct;  in  (act  it  seemed  to  him  that  the 

lotion  of  the  engine  was  in  some  measure  inseparable  from  it 

trial  of  this  kind,  because  when  results  were  reported  any  engineer 

at    ono  bed    them    in    his    own    mind,    and     formed     his    own 
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conclusion  as  to  whether  they  were  good,  bad,  or  indifferent.  If  they 
were  good  or  bad,  he  immediately  wanted  to  know  why ;  and  the 
answer  to  such  an  enquiry  at  once  opened  up  the  question  of  the 
construction  of  the  engine  and  the  machinery  generally.  Without 
some  knowledge  of  what  had  caused  the  good  or  bad  results  to  be 
obtained,  the  knowledge  that  they  were  good  or  bad  was  of  little  use. 
At  the  outset  he  wished  to  say  that  for  himself  he  was  highly 
satisfied  with  the  trial  now  reported.  The  greatest  possible  care  and 
attention  had  been  devoted  to  it  by  Professor  Kennedy ;  and  the 
keen  interest  that  his  assistants  had  taken  in  every  detail  of  their 
duties  was  a  further  guarantee  of  the  accuracy  of  the  result.  There 
were  also  other  reasons  for  feeling  satisfied  with  the  trial.  One 
reason  was  that  the  coal  consumption  came  out  so  closely  in  accord 
with  the  best  results  which  the  chief  engineers  on  board  this  and 
other  ships  at  sea  had  been  able  to  get  with  the  same  make  of 
engines.  Another  reason  had  regard  to  the  water  consumption, 
which  he  had  never  before  been  able  to  get  measured ;  there  had 
always  therefore  been  some  degree  of  doubt  in  his  mind  as  to  what 
really  was  the  consumption  of  water,  and  it  could  be  arrived  at  only 
by  ascertaining  the  efficiency  of  the  boiler  and  then  calculating  the 
water  consumption  from  the  coal  consumption.  It  was  therefore 
gratifying  to  find  that  the  measured  water  consumption  had  come 
out  considerably  less  than  he  had  ventured  to  hope.  The  engines 
and  boilers  of  the  "Iona"  were  of  the  ordinary  type  regularly 
supplied  to  cargo  boats  by  the  works  of  which  he  had  charge  ;  the 
only  exceptional  points  about  them  were  that  the  boilers  had  tubes 
a  quarter  of  an  inch  smaller  in  diameter  than  those  usually  fitted, 
and  were  worked  under  the  system  of  forced  draught  described  in 
the  report.  That  the  results  obtained  by  Professor  Kennedy  were 
really  economical,  lie  thought  it  would  be  generally  agreed  ;  and 
with  regard  to  the  question  whether  the  application  of  the  forced 
draught  had  anything  at  all  to  do  with  the  economy  of  the  results 
arrived  at,  he  might  mention  that,  havingjiow  fitted  three  steamers 
for  Mr.  Fothergill  on  this  sy-t<m,  lie  was  certain  the  advantages  of 
forced   draught    had   at  any  rate  been  secured   without    uny    LoM    of 

efficiency.    This  was  of  eoi  rse  ■  great  point  to  he  ■atiafted  about, 

2  a  2 
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Turning  to  tlie  diagram  of  the  back  of  the  engines,  Fig.  27, 
Plate  54,  which  showed  the  measuring  tanks  in  position,  it  would 
be  noticed  that  one  of  the  principal  features  of  the  engines  was 
the  arrangement  of  the  cylinders.  The  high-pressure  cylinder 
wis  placed  in  the  middle,  and  it  had  three  walls  round  it, 
Fig.  31,  Plate  56.  The  innermost  wall  was  of  course  the  working 
barrel.  The  space  between  the  inner  and  the  middle  wall  formed 
a  steam-jacket  at  full  boiler-pressure ;  this  was  the  only  jacket 
about  the  engines,  and  was  the  one  referred  to  throughout  the 
report.  The  space  between  the  middle  and  the  outermost  wall 
was  iiartly  the  receiver  between  the  first  and  second  cylinders, 
but  mainly  the  receiver  between  the  second  and  third.  The  jacket 
therefore  gave  off  heat  inwards  to  the  first  cylinder,  and  outwards 
to  the  two  receivers.  Doubtless  this  double  action  of  the  jacket 
accounted  for  the  large  jacket-condensation  recorded  in  the  report 
(page  210),  namely  4*3  per  cent,  of  the  whole  feed.  When  the 
engines  were  at  work  in  the  ordinary  way  without  measuring 
tanks,  two  objects  were  accomplished  at  once  by  simple  means  : 
namely  a  well  drained  jacket  and  a  highly  heated  feed  were  secured 
by  simply  carrying  a  drain  pipe  from  the  jacket  into  the  feed 
■t  ion-pipe,  which  took  the  water  from  the  hot-well  to  the  feed 
pomps.  At  D  was  the  drain  valve  from  the  high-pressure  jacket ; 
and  when  the  engines  were  in  their  ordinary  condition  the  drain  pipe 
from  D  was  taken  down  at  the  back  of  the  engine  and  turned  up  at 
S  un<lf-rnf  jitli  the  suction-pipe  to   the  feed  pumps.     In  that  way  the 

1   could  be  heated  up  to   160°  or   180°  Fahr.  without  the  pumps 
g  duty.    The  temperature  of  180°  was  the  highest  that  it  had 

D  found  practicable  to  secure  without  the  feed  pumps  giving 
ther  too  much  trouble  from  the  vapour  formed  ;  but  L65°  and  17') 
iniiion  temperatures  with  this  arrangement.  There  were  thus 
in  ordinary  working  three  causes  that  tended  towards  economy  :  the 
position  of  the  jacket,  especially  in  relation  to  the  receivers;  the 
efficient  drainage  of  the  jackei ;  and  the  use  of  a  high  feed 
tempers  hire  in  conjunction  with  a  low  condenser  temperatore. 
Dining  lbs  Committee's   trial   one  af    least  of  these  causes  whs 

assarily  infa  with,  oamely  the  feed  temperature;  becaust 
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the  act  of  measuring  the  feed-water  in  tanks  which  took  a  quarter 
of  an  hour  to  fill  (page  207)  brought  the  temperature  down  to  an 
average  of  106°  Fahr.,  as  shown  in  Fig.  1,  Plate  44.  As  it  might 
yet  possibly  have  been  doubted  whether  this  difference  would  be 
sufficient  to  produce  any  effect  on  the  coal  consumption,  it  was 
fortunate  that  the  chief  engineer  had  been  able  to  make  a  subsequent 
trial  of  the  coal  consumption  on  the  same  method  as  that  adopted  by 
Professor  Kennedy,  but  omitting  the  water  measurements.  The 
subsequent  trial  showed  in  a  most  satisfactory  manner  that,  had  the 
feed  temperature  in  the  earlier  trial  been  160°  instead  of  106°,  the  coal 
consumption  would  have  been  somewhere  near  that  arrived  at  in  the 
subsequent  trial,  namely  1 '  38  lbs.  per  horse-power  per  hour,  instead 
of  the  1  *  46  lbs.  recorded  in  the  earlier  trial.  The  effect  of  this  lower 
coal  consumption  upon  the  percentages  of  efficiency  given  in  pages 
213  and  215  would  be  to  increase  the  boiler  efficiency  from  69*2 
(page  213)  to  73*4  per  cent.,  and  to  increase  the  total  efficiency 
from  11  *8  (page  215)  to  12*5  per  cent. ;  the  engine  efficiency  would 
be  left  where  it  was,  namely  at  17*  1  per  cent,  (page  215). 

The  supplementary  feed  supply  on  the  trial  amounted  to  as  much 
as  6*1  per  cent,  of  the  total  feed  (page  211).  It  might  be  explained 
in  passing  that  the  supplementary  feed,  sometimes  called  the  "  feed 
make-up,"  was  the  water  that  must  be  added  from  the  sea  to  make  up 
for  all  leakages  of  steam  or  water  either  from  the  boilers  or  the 
engines,  or  from  the  feed-pumps  or  pipes  connected  therewith.  It 
was  noticed  in  page  207  that  the  feed-pump  glands  were  not  quite  in 
order;  but  the  leakage  did  not  appear  to  be  anything  alarming, 
although  the  fact  of  turning  on  suddenly  a  big  tankful  of  water, 
causing  the  pumps  to  run  almost  full,  had  a  tendency  to  make  the 
leakage  worse.  There  was  also  some  leakage  at  the  large  i-inch  cock 
at  the  bottom  of  the  measuring  tanks.  Although  these  leakages  were 
not  thought  to  1"'  serious,  y<  t  it  was  astonishing  what  a  large  quantity 
of  wutcr  could  j»;is^  in  sixteen  hours  through  what  appeared  to  he  only 
a  small  Leak.  Sere  again  ■  careful  test  made  by  the  engine* a  in  this 
very  ship,  but  previously  to  the  Committee's  trial,  and  oorering  as 
Long  a  period  as  nine  days,  showed  what  would  naturally  be  expected, 
namely  that  6*  1  per  oent  was  greatly  in  of  the  supplementary 
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supply  ordinarily  necessary.  Fortunately  the  horse-power  during 
the  nine  days'  test  was  about  the  same  as  on  the  Committee's  trial, 
certainly  not  less  :  so  that  the  same  total  feed  might  safely  be  taken 
for  a  basis  of  comparison.  In  the  diagram,  Fig.  24,  Plate  52,  was 
shown  graphically  by  the  rising  line  the  continuous  progress  of  the 
supplementary  feed  in  the  "  Iona  "  during  that  extended  nine  days' 
test,  during  which  the  feed-pump  glands  were  tight ;  whence  it 
would  be  seen  that  the  quantity  represented  less  than  1  ■  3  per  cent, 
of  the  total  feed,  instead  of  6*1  per  cent.  The  diagram,  Fig  25, 
showed  the  water  level  in  the  boiler,  as  observed  at  intervals  during 
the  whole  of  the  nine  days.  Now  assuming  that  during  all  that 
period  there  was  absolutely  no  leakage  at  the  feed-pump  glands, 
it  would  appear  that  during  the  sixteen  hours'  trial  as  much  as 
6,622  lbs.  of  water  must  have  been  measured  without  ever  reaching 
the  boilers.  It  was  clear  that  whatever  water  was  lost  either  at 
the  4-inch  cock  at  the  bottom  of  the  measuring  tanks  or  at  the 
feed-pump  glands  was  lost  after  it  had  been  measured,  and  on  its 
way  from  the  measuring  tanks  to  the  boilers,  because  it  passed  from 
the  measuring  tanks  to  the  feed-pumps,  and  thence  through  the 
feed  pipe  to  the  boilers.  If  then  a  correction  were  made  for  this 
Lose  in  the  feed  on  its  way  to  the  boilers,  it  would  be  found 
that   the    water   consumption    would    be    reduced    by    6*1  —  1  '2  = 

1  per  cent.,  that  is,  it  would  be  reduced  from  13*35  lbs.  per 
indicated  hone-power  per  hour  to  about  12#69  lbs.  The  efficiency 
of  the  boiler  would  thereby  be  reduced  from  73*4  to  69*8,  which 

rly   brought   it   back    to   the    efficiency   of    69*2   given    in   the 

art     The  engine  efficiency  would  be  increased  I  •'.»  per  cent,  from 

17*1  to  IH  percent.;  and  the  total  efficiency  would  be  Left  where  it 

was  after  the   last   correction,  namely  12*5  per  cent.      It  would 

ppear  that,  taking  advantage  of  one  trial  to  check  another, 

itatement  which  could  be  made  of  the  efficiency  of 

machiin  that  the  boilers  were  delivering  about  70  per  cent. 

of  I  I    of  the  fuel,  and  the  engines  were  delivering  horse-power 

'   to  about    Is    par  Oent.  of  the  heat    of  the   steam    generated. 

•  -it  to  just,  al.ont   1l\i,  per  oent.  of  the  total 

heat  of  the  }:;<]. 
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Attention  had  lately  been  called  to  the  condensation  taking  place 
in  cylinders,  and  in  page  215  it  was  stated  that  at  a  pressure  of 
125*4  lbs.  per  square  inch  above  the  atmosphere  there  was  present 
in  the  high-pressure  cylinder  according  to  the  indicator  diagrams 
63  *  4  per  cent,  of  the  feed  as  steam  and  36  *  6  per  cent,  as  water ;  at 
19*4  lbs.  pressure  in  the  intermediate  cylinder  there  was  74*9  per 
cent,  steam  and  25  ■  1  per  cent,  water ;  and  at  8  •  6  lbs.  pressure  below 
the  atmosjmere  in  the  low-pressure  cylinder  there  was  59*1  per  cent, 
steam  and  40*9  per  cent,  water  :  these  calculations  were  made  on  a 
total  water  consumption  of  2*35  lbs.  per  revolution,  which  agreed 
with  the  13*35  lbs.  per  indicated  horse-power  per  hour.  Here  the 
previous  correction  of  4*9  per  cent,  for  feed  water  measured  but 
not  put  into  the  boilers  would  reduce  the  total  water  per  revolution 
to  2-23  lbs.,  and  would  alter  the  foregoing  percentages  of  steam  and 
water  to  the  following : — at  125*4  lbs.  pressure,  66*5  per  cent,  steam 
and  33*5  per  cent,  water;  at  19*4  lbs.  pressure,  79  per  cent,  steam 
and  21  per  cent,  water;  and  at  8*6  lbs.  pressure  below  atmosphere, 
62*4  per  cent,  steam  and  37*6  per  cent,  water.  An  attempt  he 
thought  might  be  made  to  apportion  the  cylinder  condensation  by 
the  aid  of  known  quantities,  and  thus  to  reduce  the  unknown  source 
of  loss  to  a  minimum.  In  the  present  instance  it  was  known 
(page  210)  that  6  *  15  lbs.  of  water  went  through  the  jacket  per  minute, 
and  that  0*88  lb.  per  minute  was  collected  from  the  steam-pipe 
and  high-pressure  valve-chest  drains,  making  together  7*03  lbs.  pel 
minute,  none  of  which  ever  went  into  the  cylinders  at  all.  Making 
therefore  a  corresponding  further  reduction  under  these  heads  in 
order  to  try  to  arrive  at  the  actual  condensation  within  the  cylinders, 
the  total  weight  of  feed-water  really  entering  the  cylinders  would  be 
reduced  to  2-1J  Lbs.  per  revolution,  ami  the  percentages  of  steam 
and  water  would  be  altered  to  the  following  : — at  1JV  1  11.-.  pr* 
70*5  per  cent,  steam  and  29*5  per  cent,  water;  at  L9'  1  U>s.  pressure, 

-    per    cent,    steam   and     L6*8    [n-v   cent,    water;    ami   at   8*6    Lbs, 

pressure  below  atmosphere,  65*7  percent  steam  and  34*3  per  cent. 
water.     There  was  y.  I  another  oironmstanoe  canning  the  water  in  tin 
intermediate  ami  Low-pressure  oylinden  to  he  Less  again  than  the 
Last-named  figures:  namely  that  tin  drain  cooka  on  the  two  reoeiTi 
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were  kept  continuously  open  ;  but  as  the  drainage  from  them  was  not 
measured,  a  correction  could  not  be  made  under  this  bead.  Neither 
should  it  be  supposed  that  the  whole  or  nearly  the  whole  of  the 
water  actually  existing  in  the  cylinders  was  to  be  attributed  to 
the  somewhat  mysterious  cause  called  initial  condensation.  Valuable 
results  he  thought  might  be  arrived  at  by  attempting  to  subdivide 
further  and  to  apj)ortion  to  known  causes  as  much  as  possible  of  the 
cylinder  water.  For  instance  the  cushioning  steam,  although  existing 
as  steam  in  the  cylinder,  was  not  measured  or  taken  into  account  at 
all,  but  was  properly  regarded  theoretically  as  a  constant  quantity, 
which  was  simply  expanded  and  compressed  continuously,  like 
stretching  and  relaxing  an  elastic  band.  But  the  fact  had  to  be  borne 
in  mind  that  work  could  not  be  taken  out  of  steam  and  put  back  into 
it  again  without  loss:  there  must  be  a  loss  in  the  act  of  expanding, 
and  again  a  further  loss  in  the  act  of  compressing.  If  therefore  the 
cushion  steam  were  not  replenished  to  the  necessary  extent  at  each 
i-«  volution,  in  a  few  revolutions  it  would  all  be  gone.  The  quantity 
that  was  lost  by  condensation  had  therefore  to  be  made  up  by  fresh 
steam  at  every  stroke.  If  the  precise  deficiency  of  the  cushion  steam 
could  be  determined,  then  the  water  found  in  the  cylinder  might  be 
subdivided,  and  the  proper  share  be  apportioned  to  this  inevitable 
BOurce  of  loss.  On  these  same  grounds  he  had  been  hoping  much 
from  the  ingenious  attempt  made  on  the  trial  to  determine  the 
priming  water  (page  210)  ;  and  if  the  condensing  apparatus  had  not 
broken  down,  it  would  doubtless  have  furnished  sufficient  data  for 
charging  to  this  cause  also  its  proper  share  of  the  water  found  in  the 
linden.  In  these  ways,  if  followed  up  more  fully,  it  did  seem  to 
him  that  the  bulk  of*  the  water  might  bo  apportioned  to  known 
C-,  thus  reducing  the  amount  which  should  properly  be  regarded 
to  initial  condensation,  and  perhaps  removing  altogether  the 
apparent  y  which  still  hung  over  this  subject. 

In  Pig.  26,  Plate  53,  was  shown  a  theoretical  combined  indicator 

Igwn  compiled  from   the  mean    indicator  diagrams  of  the  "  lona," 

Plate  17,  with  the  object  of  repress mting  in  (bur  different  ways  the 

no  which  thi  reali  <  *\  work  of  these  engines  bore  to  the  theoretical 

work  of  the  aame  steam.     AH  the  horizontal  net  measurements  of 
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the  mean  indicator  diagrams  in  Plate  47  had  here  been  set  off  from  a 
vertical  line  G  L.,  thus  obliterating  the  effect  which  the  compression 
had  upon  the  appearance  of  the  diagrams.  This  caused  the  diagrams 
from  the  three  cylinders  to  overlap  one  another ;  and  the  areas  of  the 
overlapping  portions  were  therefore  compensated  by  the  addition  of 
the  two  equivalent  areas  Y  V.  The  distance  between  the  two  vertical 
lines  A  F  and  G  H  represented  the  volume  of  the  compression  steam 
at  the  moment  of  the  admission  to  the  high-pressure  cylinder  ;  and  in 
the  present  instance  this  volume  was  just  equal  to  the  clearance 
volume,  because  it  would  be  seen  from  the  high-pressure  diagrams 
in  Figs.  6  and  9  that  the  compression  curve  ran  up  just  to  the 
admission  pressure.  The  upper  and  lower  limits  of  the  theoretical 
diagram — the  line  A  B  at  top  and  the  line  F  E  at  bottom — were  the 
highest  and  lowest  pressures  indicated  in  the  high-pressure  and  low- 
pressure  cylinders  respectively :  lower  still  there  was  the  zero  line 
at  14 '58  lbs.  per  square  inch  below  the  atmosphere  (page  213).  The 
volume  M  X  at  125*4  lbs.  per  square  inch  represented  the  1*49  lbs. 
weight  of  steam  per  revolution,  which  in  page  215  was  stated  to  be 
accounted  for  by  the  indicator  diagrams  as  present  in  the  cylinder  at 
that  pressure.  The  point  N  therefore  had  been  taken  as  the  origin 
of  the  two  theoretical  expansion  curves  N  C  D  and  N  J  K,  which 
were  both  of  them  what  were  known  as  "  ten-ninth  or  nine-tenth  " 
curves  ;  that  is,  the  ninth  power  of  the  pressure  varied  inversely  as  the 
tenth  power  of  the  volume.  The  outer  curve  BCD  repn  sented  the 
expan&ioD  of  the  whole  steam  in  the  cylinder,  including  the  cushion 
Steam  A  G;  and  the  realised  work,  represented  by  the  shaded  area, 
amounted  to  75  per  cent,  of  the  whole  theoretical  work,  the  latter  being 
represented  by  the  area  A  B  C  D  E  F  comprised  within  the  outside 
lines  of  all.  If  the  area  A  G  H  F  were  left  out,  the  work  realised 
would  be  83  per  cent,  of  the  remaining  area  <>  B  C  D  E  II  ;  but  this 
percentage  was  of  little  value,  because,  it'  the  cushion  steam  A  G 
were  to  be  left  out  of  the  comparison  ut  all,  it  ought  to  he  left  out 
not  up  to  the  line  G  II  only,  but  up  to  an  expansion  curve  drawn 
down  from  (i  for  the  quantity  of  Bteam  A  (J.  The  more  interesting 
way  of  looking  ut  the  percentage  was  to  take  the  inner  curve  B  •'  K. 
representing  the  expansion  of  the   working   steam    ]\I   X  alone,  a- 
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though  it  were  expanded  iu  one  cylinder  to  a  volume  H  E  equal  to 
the  volume  swept  through  by  the  low-pressure  piston.  Then  the 
realised  work  amounted  to  as  much  as  103*5  per  cent,  of  the  smaller 
area  G  B  N  J  K  E  H.  Yet  again,  if  from  both  the  theoretical  and 
the  actual  diagrams  were  omitted,  as  it  ought  to  be,  the  piece  above 
3d  X.  which  represented  the  wire-drawing  before  the  valve  finally 
closed  at  the  cut-off  N,  the  realised  work  then  rose  to  105*2  per  cent, 
of  the  smallest  theoretical  area  M  N  J  K  E  H.  This  excess 
apparently  meant  that  some  portion  of  the  water  found  in  the 
cylinder  at  the  pressure  of  125*4  lbs.  became  subsequently  evaporated 
and  j)erforined  some  work.  The  question  as  to  how  far  it  was 
economical  or  the  reverse  to  allow  the  engine  thus  to  act  as  a  boiler, 
turned  he  thought  upon  the  source  whence  the  water  came  :  that  is, 
whether  it  came  from  an  unnecessary  or  from  a  necessary  source.  If 
it  came  from  priming  or  from  excessive  initial  condensation,  it 
would  certainly  be  undesirable  to  see  the  expansion  curve  bulging 
out  through  the  evaporation  of  water  which  should  have  been 
prevented  from  being  present  in  the  cylinder  at  all.  But  if  it  were 
the  inevitable  condensation  due  to  the  performance  of  work,  or  the 
equally  inevitable  condensation  due  to  the  compression  of  the  cushion 
tin,  then  he  was  of  opinion  that  there  was  economy  in  getting  what 
work  could  be  got  out  of  the  water  which  must  from  these 
in.-uirmountablc  causes  be  present  in  the  cylinder.  To  the  usual 
suggestion  that,  if  the  steam  which  was  put  into  the  jacket  had 
instead  been  put  into  the  cylinder,  more  work  would  have  been 
n  aliaed,  be  thought  in  the  present  caso  there  was  a  good  answer.  If 
the  ja<  am   bad  been   put  into  the  cylinder,  it  could  not  have 

lengthened  the  line  31  X   in  any  greater  proportion  to  the  whole 
jacket-water  than  the  proportion  which  !\I  \  itself  bore  to  the  whole 

kter*   and  When   that   small   addition    was   made   to  M  N,  and  a 

,   curve  drawn  down,  it  was  found  that  the  realised 

work  bf  badly  equal    to    the   theoretical   area  in  which 

thejac  o  included.     It  appeared  to  him  unlikely  thai 

this    would    h.i\<      been     the    case,    it'    the    jacket    had    not    been    in 
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A  high  degree  of  economy  in  an  engine  could  be  attained  only  by 
the  aid  of  a  great  number  of  details,  which  all  alike  tended  towards 
that  end,  instead  of  counteracting  each  other.  For  instance,  the 
steam  must  be  thoroughly  bottled  up  in  the  cylinders  during  the 
time  that  it  was  wanted  there,  as  a  very  slight  leakage  past  the  valves 
or  pistons  was  disastrous  to  economy.  This  consideration  had  led 
him  now  to  adopt  as  a  regular  principle  in  marine  engines  the 
common  slide-valve  for  each  cylinder,  in  place  of  the  piston-valve, 
as  he  had  found  it  not  possible  to  keep  the  piston-valve  quite  as 
steam-tight  over  long  periods  as  the  slide-valve :  although  he 
knew  of  a  number  of  piston-valves  working  at  sea,  which  did  not 
wear  more  than  the  thickness  of  a  piece  of  writing  paper  in  a  year. 
On  the  same  account  he  had  devoted  much  attention  to  the  pistons 
also  ;  and  the  design  he  had  been  using  for  some  time  was  quite 
steam-tight  he  believed,  whilst  it  ran  with  remarkably  little  friction 
in  the  cylinder.  A  large  vessel  was  now  in  London  after  her  first 
round  voyage  to  New  Zealand,  and  on  gauging  her  high-pressure 
cylinder  and  piston  packing-rings  no  measurable  wear  could  be 
detected  in  either,  when  compared  with  the  shop  gauges  to  which 
they  had  been  made.  In  another  instance  after  three  years'  wear 
the  difference  between  the  gauged  cylinder  from  the  ship  ami 
the  standard  preserved  in  the  shop  could  hardly  be  seen  ;  it  was  only 
about  the  thickness  of  a  piece  of  writing  paper.  Another  condition 
of  economy  was  that  the  steam  must  be  supplied  to  the  engine  fairly 
dry  ;  and  if  dry  steam  were  supplied,  the  greatest  care  was  necessary 
in  the  construction  of  the  valves  and  piston  packing-rings,  otherwise 
a  trouble  of  a  mechanical  nature  would  arise  from  seizing.  It  was 
unnecessary  however  to  enlarge  further  upon  Buch  well-known 
principles  as  these  in  the  construction  of  machinery. 

Mr.  Frahom  0.  Marshall  was  much  Btrucfe  by  the  great  size  of 
the  boilers  used  in  the  "  Eona."  It  appeared  to  him  almost  a 
necessity  that  highly  economical  results  should  be  obtained  in  th< 
trials,  Boeing  thai  the  boilers  lia<l  ■  heating  surface  of  nearly  5  square 
feet  per  indicated  horse-power.  The  owners  of  the  reesel  he  thought 
might  be  thankful  thai  in  these  matter-  they  lia<l  the  guidance  of  bo 
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experienced  an  engineer  as  Mr.  Fothergill ;  for  he  did  not  know  of 
any  other  owners  who  would  tolerate  ships  of  that  size  and  engines 
of  that  size  running  at  8*4  knots  per  hour  and  developing  only 
6-15  horoe-powei  with  boilers  having  as  much  as  3,160  square  feet 
of  heating  surface.  In  his  own  experience  he  had  found  that  nearly 
double  that  power  was  demanded  by  the  owners  from  such  an  extent 
of  heating  surface;  and  the  engineer  was  a  proud  man  who  was 
allowed  to  put  such  large  boilers  into  ships,  where  so  little  power 
wafl  to  be  got  out  of  them. 

The  temperature  of  the  funnel  gases,  he  was  interested  in  finding, 
had  come  much  to  the  front  in  the  series  of  trials  conducted  by 
Professor  Kennedy ;  and  the  results  of  the  observations  made  were 
remarkable.  With  the  first-rate  boilers  of  the  "  Iona,"  the  average 
temperature  of  the  funnel  gases  (page  206)  was  found  to  be  only 
452°  Fahr.  In  the  reports  of  the  previous  trials  (Proceedings  1889 
page  241,  and  1890  pages  207  and  218  and  230)  he  found  that  the 
temperature  of  the  funnel  gases  in  the  "  Meteor  "  was  791°,  in  the 
•  BW-Yama"  578°,  and  in  the  "Colchester"  835°;  whereas  in  the 
"  Tartar " — engined  also  by  a  Hartlepool  firm,  and  having  the 
heating  surface  in  the  same  extravagant  proportion  as  the  "Iona" 
of  nearly  5  square  feet  per  horse-power — the  temperature  had  again 
oome  down  to  477°.  These  were  important  facts  and  well  worth 
noting.  In  Table  10  he  observed  that  the  mean  temperature  of  the 
chimney  gases  in  the  chief  engineer's  trial  of  the  "Iona"  was  given 
;tt  672  ,  M  indicated  by  a  pyrometer  in  the  uptake  of  the  furnace, 
by  which  would  ordinarily  be  understood  the  large  flame-box  or 
oombostiori  chamber  at  the  back  of  the  furnace;  and  he  enquired 
whether  it  tree  not  in  the  smoke-box,  instead  of  in  the  flame-box, 
that  the  temperature  of  672    bad  been  measured. 

Mr.  .John  ];.  Fotheboill  replied  that  the  pyrometer  measurement 
bad  been  taken  in  the  uptake  to  the  chimney,  that  is  in  the  smoke- 
in  front  of  the  tube*.     Therefore  '172   was  the  temperature  <>f 

■jn-t  -  at:  iu;_'  the  boiler. 

Mr.    MaBSHALL    called    attention     also    to    the    ratio    of   the    total 
'      '    to  I  which    in    the  "  Iona  "  was  7o  to  1  ; 
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whereas  in  all  the  previous  trials  the  ratio  was  much  lower 
(Proceedings  1890,  page  237).  In  the  "  Meteor  "  it  was  32  to  1,  in 
the  "  Fusi-Yama  "  43  to  1,  in  the  "  Colchester  "  27  to  1,  and  in  the 
"  Tartar "  33  to  1.  This  comparison  was  well  worth  considering, 
and  was  itself  quite  enough  to  justify  the  trials ;  and  it  showed 
the  great  advantage  that  was  being  derived  from  the  application  of 
forced  draught.  If  out  of  a  grate  area  so  small  as  only  l-75th  of 
the  heating  surface  such  results  could  be  got  in  the  "Iona,"  he 
thought  that  in  all  steamers  it  was  desirable  to  employ  forced 
draught.  With  so  manageable  a  length  of  grate  as  only  3  feet  or 
3 h  feet,  and  with  such  an  efficiency  as  was  shown  in  the  present  case, 
it  seemed  to  him  there  could  be  no  question  as  to  the  desirability 
of  fitting  every  steamer  with  a  fan  and  using  forced  draught.  The 
combustion  was  then  much  better,  while  at  the  same  time  the 
temperature  of  the  escaping  gases  was  much  reduced  in  consequence 
of  having  such  a  large  proportion  of  heating  surface  to  grate  area. 
In  calling  attention  to  these  special  features  of  the  "  Iona  "  and  of 
the  trials,  he  submitted  that  to  a  large  extent  the  highly  satisfactory 
results  which  had  been  realised  had  been  obtained  by  virtue  of  the 
large  boilers  and  of  the  small  power  developed  out  of  them.  In 
conclusion  he  wished  to  express  the  great  indebtedness  of  the 
engineering  profession  to  this  Institution  and  to  Professor  Kennedy 
for  the  results  which  had  thus  been  placed  at  their  disposal 
Nothing  could  be  more  valuable  than  the  trials  which  had  already 
been  conducted,  affording  as  they  did  data  from  which  engineers 
would  be  able  to  produce  more  and  more  satisfactory  results  in  the 
future. 

Mr.  J.  Fiddes  Brown,  in  explanation  of  his  reason  for  making 
the  subsequent  trial,  so  closely  preceded  as  it  was  by  such  an 
elaborate  and  careful  trial  as  that  oarried  out  by  Professor  Kennedy, 
Bald  that,  when  the  results  were  roughly  estimated  at  the  end  of  the 
Committee's  trial,  they  did  not  appear  to  him  quite  BO  good  as  ho 
had  anticipated,  in  comparison  with  the  average  ooal  consumption 
during  the  two  previous  voyages,  which  hud  together  amounted  to 
about   L50  steaming  days.     N . »t  that  the  oonsumption  was  more  in 
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tlic  trial  than  in  the  voyages;  but  lie  had  expected  it  to  be  less, 
because  during  a  voyage  tbe  average  coal  consumption  per  day 
included  certain  losses  at  foreign  coaling  stations,  due  to  inferior 
quality  of  coal  and  short  weight,  which  together  might  safely  be 
estimated  at  10  per  cent,  of  the  nominal  weight  received  abroad. 
The  coal  received  abroad  was  usually  about  half  of  the  total  quantity 
required  for  the  voyage.  Moreover  the  average  daily  consumption 
included  also  any  loss  due  to  the  main  boilers  supplying  steam  to 
the  steering  engine  &c.  under  ordinary  conditions  of  running.  He 
had  therefore  fully  exjiected  that  the  consumption  would  work  out 
less  in  a  trial  in  which  all  the  coal  was  carefully  weighed.  As 
however  one  or  two  of  the  conditions  under  which  the  Committee's 
trial  was  made  had  ajipeared  to  him  somewhat  to  vitiate  the  result, 
he  had  thought  that  a  subsequent  trial  made  under  normal  conditions 
of  running  would  give  a  rather  better  result. 

The  feed-water  temperature  during  the  Committee's  trial  was 
about  50°  below  the  usual  temperature,  which  seemed  to  show  that 
there  was  a  considerable  loss  of  heat  in  consequence  of  the  feed- 
water  passing  into  the  measuring  tanks  and  being  retained  in  them 
for  a  certain  length  of  time,  instead  of  passing  direct  from  the  hot 
well  to  the  boilers. 

The  supplementary  feed-water  in  the  Committee's  trial,  amounting 
to  6*1  per  cent,  of  the  total  feed-water,  was  excessive.  It  was  not 
an  i  fonly  5  or  10  per  cent.,  which  might  be  neglected  ;  but  it 

amounted  to  about  five  times  the  usual  quantity.  The  whole  of  it 
no  doubt  supplied  and  measured  in  the  tanks,  but  80  j)er  cent,  of 
it  never  got  further  than  the  feed-pumps,  owing  to  the  excessive 
Leakage  of  the  glands.  The  supplementary  feed  diagram,  Fig.  24, 
Plate  62,  J..-,  sented  a  graphic  record  during  a  period  of  nine  days  in 
•<;  previous  to  the  trial ;  and  the  mean  of  the  whole  diagram 

ial  to    ]  •_'-'   per  Cent,   of   the   total    feed.     Moreover  during  a 

i^)  minutes  included  in  this  diagram,  namely 

i   L40  p. i ii.  mi  the  first  day  to  4.0  jmu.  on  the  second,  only  J  85  lbs. 

I.   and  the   boiler   level   fell    1{    inch,    which 

I  oralenl  of  irater  or  1*19  percent,  of  the  total 

.iter ;  thi  rithiii  0-1  pa  cent,  of  the  mean  of  the  whole 
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diagram,  and  thus  appeared  to  be  a  good  check  on  the  whole  record. 
The  excessive  waste  of  supplementary  feed- water  in  the  Committee's 
trial  considerably  affected  the  reported  consumption  of  feed-water 
per  indicated  horse-power  per  hour,  as  already  pointed  out  by 
Mr.  Mudd  (page  232). 

In  order  to  estimate  correctly  the  quantity  of  heat  carried  away 
by  the  funnel  gases,  it  appeared  to  him  that  their  temperature  ought 
to  be  observed  as  soon  as  possible  after  they  had  left  the  tubes,  as 
had  been  done  in  the  subsequent  trial,  instead  of  half  way  up  the 
funnel  as  in  the  original  trial.  From  a  series  of  simultaneous 
observations  with  a  pyrometer  in  each  position,  he  had  found  that 
the  temperature  was  105°  higher  in  the  lower  position,  which 
was  23J-  feet  below  the  upper ;  the  pyrometers  used  were  the 
same  as  in  the  original  trial,  in  which  therefore  the  temperature  in 
the  lower  position  would  seem  to  have  been  557°.  This  would  leave 
115°  excess  in  the  subsequent  trial  still  to  be  accounted  for,  which 
was  probably  due  to  a  smaller  weight  of  air  per  lb.  of  coal  in  the 
latter  trial.  The  actual  weight  of  air  in  this  trial  he  was  unable  to 
estimate  directly,  not  having  had  any  means  of  taking  samples  of  the 
furnace  gases ;  but  an  approximation  he  thought  could  be  arrived  at 
in  regard  to  it,  by  estimating  the  velocity  at  which  the  air  j)assed 
through  the  gridiron  valve  into  the  ashpit  and  also  through  the  back 
air-valve  into  the  combustion  chamber.  The  mean  differences  of 
pressure  between  the  outside  and  the  inside  of  the  air  o2>enings  in 
the  Committee's  trial  were  0*55  inch  of  water  at  the  ashjnt  valve  and 
0  •  34  inch  at  the  combustion-chamber  valve,  and  in  the  subsequent 
trial  0*  15  inch  and  0*78  inch  respectively.  The  temperatures  of  the 
air  in  the  first  trial  were  123°  F.  on  entering  the  ashpit,  and  80  1\ 
on  entering  the  combustion  chamber;  and  in  the  second  trial  1-1 
and  90  respectively.  As  the  weight  of  air  used  in  the  first  trial  was 
known  exactly  from  the  analyses  of  the  chimney  gases,  namely 
24*5  lbs.  per  pound  of  coal  (page  214),  the  coefficient  of  influx 
into  the  ashpit  and  combustion  chamber  could  Ik-  found  ;  and 
applying  this  to  the  weight  of  air  arrived  at  by  calculation  in  tin- 
second  trial,  it  was  found  that  about  '2'-'>'{  11».  of  air  must  have 
been  Uflfid  per  pound    of    OOal    in   the  latter  0M6.       Dozing   the  first 
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trial   about    7^>    per   cent,    of    the   whole    air  passed   direct   to   the 
combustion  chambers,  and  during  the  second  trial  about  11  "4  per 

cent. 

The  indicators  in  the  subsequent  trial  having  been  attached  to 
the  cylinders  by  the  usual  long  pipes  and  bends  (page  216),  he 
thought  the  mean  indicated  horse-power  deduced  from  the  diagrams 
so  taken  might  safely  be  considered  to  be  below  the  true  power ; 
for  before  the  Committee's  trial  was  commenced,  and  with  the 
indicators  attached  as  in  that  trial  in  as  direct  a  manner  as  possible, 
a  set  of  diagrams  had  been  taken  at  64  revolutions  per  minute  and 
with  155  lbs.  boiler-pressure,  which  represented  a  total  of  733 
indicated  horse-power.  If  the  power  to  drive  a  ship  were  considered 
to  vary  approximately  as  the  cube  of  the  speed,  a  comparison  of  the 
ship's  speeds  per  hour  or  of  the  revolutions  per  minute  in  the  two 
trials  would  give  as  the  indicated  horse-power  in  the  subsequent 
trial  739  or  738  respectively,  which  was  an  increase  of  about  4  per 
cent,  upon  the  mean  of  707*7  indicated  horse-power  in  the  latter 
trial.  Considering  therefore  the  power  to  have  been  733  I.H.P., 
the  coal  consumption  in  the  subsequent  trial  would  be  1*33  lbs.  per 
indicated  horse-power  per  hour,  instead  of  1*38  lbs.;  and  taking 
12*69  Lbs.  of  water  per  indicated  horse-power  per  hour,  as  calculated 
by  Mr.  Mudd  (page  232),  the  evaporation  per  pound  of  coal  would  be 
9*5  Lbs.  of  water  from  the  temperature  of  the  feed. 

Mr.  P.  W.  WlLLANS  considered  the  Committee  were  to  be 
congratulated  on  having  had  in  the  "Iona"such  excellent  engines 
to  experiment   apon  as  these  designed  by  Mr.  Mudd,  which  appeared 

bin)  to  be  a  long  way  ahead  of  any  others,  and  all  the  more 
interesting  on  thai  account  With  regard  fcothe  causes  that  had  led  to 
the  good  I-  ported,  compression  had  been  mentioned  by  Mr.  Mudd 

oondensation.  It  appeared  to  him  however 
that  in  this  engine  the  compression  had  not  caused  condensation,  but 

l  to  a  tent  prevented  it.    The  effect  of  compressing  the 

an  to  ti  d  in  the  high-pressure  diagram,  Figs.  6  and  9, 

]>!.  and    17.  irai  that  before  the  admission  of  the  boiler  steam 

t},,  of  tin;  cylinder  walls  wu  rai  ed,  as  was  also  the 
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temperature  of  the  water  that  was  already  present  in  the  cylinder.  In 
spite  of  the  compression  however  it  appeared  from  the  report  that 
only  63  ■  4  per  cent.,  or  according  to  Mr.  Mudd's  calculation  (page  233) 
only  about  70  per  cent.,  of  the  total  feed- water  was  found  in  the  shape 
of  steam  at  the  cut-off  in  the  high-pressure  cylinder.  Even  the 
30  per  cent,  difference  did  seem  a  great  deal  to  lose.  In  higher- 
speed  though  smaller  engines  he  was  accustomed  to  get  this  loss  down 
to  about  5  per  cent,  with  late  cut-off  in  the  high-pressure  cylinder 
of  a  triple  engine,  and  possibly  to  about  15  per  cent,  with  the 
most  economical  ratio  of  expansion  in  the  high-pressure  cylinder  of  a 
triple  condensing  engine  ;  and  he  thought  a  way  would  eventually 
be  found  of  reducing  it  to  this  extent  in  all  engines.  The  jacketing 
of  the  high-pressure  cylinder  had  been  mentioned  by  Mr.  Mudd 
(page  230)  as  likely  to  have  added  a  great  deal  to  the  good  result. 
It  appeared  to  him  however  that  4  ■  3  per  cent,  of  jacket  water  was 
a  smaller  quantity  than  might  have  been  expected,  considering  that 
the  jacket  was  applied  both  to  the  cylinder  and  to  the  receiver ;  it 
was  less  than  was  usually  met  with  in  cases  where  economy  resulted 
from  the  use  of  the  jacket ;  and  he  enquired  whether  it  had  been 
possible  to  make  any  trial  of  these  engines  without  the  jacket.  No 
good  result  in  his  opinion  could  possibly  be  produced  by  using  high- 
pressure  steam  in  the  jacket  for  re-boiling  in  the  cylinder  the  water 
corresponding  with  the  work  done  in  it.  The  only  good  effect  that 
the  jacket  could  have  was  by  preventing  the  presence  of  water  on  the 
cylinder  walls.  In  regard  to  the  general  results  of  the  trial,  one  of 
the  principal  points  was  the  large  boiler  power.  The  great  thing 
was  to  work  a  boiler  moderately,  and  an  engine  as  hard  as  it  could 
be  driven. 

Mr,  H.  EL  J.  B  LL,  haying  had   the  pleasure  of  being  one  of 

the  oh  i  in  the  trial,  wished  t<>  dispel  any  impression  of  tl 

haying  been  *  greal  leak  at  the  feed-pump  glands  or  elsewhere.     The 
watch  at  the  water  bud  been  taken  by  himself  and  Mr.  I.  and 

v  would  hay  ak  at  the  feed-pumps  or  at  the  big 

cock  at  fctom  of  the  measuring  tank-.     Instead  <>f  ■  loss  of  more 

than  6,000  lbs.  as  estimated  by  Mr.  Mudd  (page  232),  ho  imagined  the 
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quantity  of  water  lost  from  that  cock  might  perhaps  be  about 
200  lbs.  at  the  outside.  The  feed-pump  glands  leaked  during  about 
the  first  hour  and  a  half,  but  comparatively  little  afterwards 
throughout  the  rest  of  the  trial. 


»©* 


Mr.  Thomas  Mudd  drew  attention  to  the  circumstance  that,  while 
it  was  acknowledged  that  there  had  been  a  considerable  leak  at  the 
feed-pump  glands  during  the  first  hour  and  a  half  of  the  trial,  the 
continuous  line  of  the  supplementary  feed,  plotted  in  the  diagram, 
Fig.  22,  Plate  51,  was  nearly  regular  all  through  the  time,  indicating 
a  continuance  of  leakage  to  nearly  the  same  extent  throughout  the 
remainder  of  the  trial. 

Mr.  Stephen  H.  Terry,  being  connected  with  the  inventor  and 
maker  of  the  engine  and  fan  used  for  the  forced  draught  in  the 
"  Iona,"  noticed  that  the  fan  had  been  running  at  the  mean  speed  of 
180  revolutions  per  minute  during  the  trial  (page  203),  and  had 
apparently  been  delivering  24*5  lbs.  of  air  per  lb.  of  coal  (page  214). 
The  coal  consumption  was  given  as  15*7  lbs.  per  minute  (page  20G), 
to  which  would  correspond  a  delivery  of  384*  G  lbs.  of  air  per  minute ; 
and  allowing  roughly  13  cubic  feet  per  pound,  the  actual  volume  of 
air  delivered  during  the  trial  would  appear  to  have  been  about  5,000 
cubic  feet  per  minute,  showing  a  large  reserve  of  capacity  in  the  fan, 
which  was  constructed  to  deliver  14,000  cubic  feet  per  minute  at 
L00  revolutions  per  minute,  and  had  done  so  when  tested  at  tho 
works.  The  remarkable  evaporative  result  attained,  namely  9*15 
11,-.  of  feed-water  per  lb.  of  coal,  equal  to  10-63  lbs.  at  212°  Falir., 
doubth  m  due  partly  to  the  good  design  of  the  boilers,  and  partly 
the  method  of  combustion  provided,  by  which,  although  only  a 

roinj.aiatiw  ly  small  volume  of  air  was  supplied  to  the  tires,  yet  that 

volume  arrived  under  such  conditions  that  carbonic  acid  gas  alono 

rmed,  noi  carbonic  oxide  ;  and  as  the  total  volume  of  inert 

nitrogen  passing  through   the  tubes  was  also  comparatively  small, 

of  beat  than  usual  were  watted  up  the  chimney,  the  loss 

I. <  Log  only  10-2  jh  c  cent  of  the  calorific  value  of  the 

Tbia  condition  of  things,  giving  the  gases  time  to  impart  heat  to 
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the  tubes,  which  had  been  termed  a  soaking  heat,  had  been  brought 
about  by  the  mechanical  appliances  employed  by  Mr.  Fothergill. 

In  the  boilers  he  observed  that  corrugated  flues  were  used ; 
and  he  wished  to  know  whether  any  means  had  been  taken  to  prevent 
the  leakage  of  air  past  the  fire-bars  in  the  immediate  vicinity  of 
the  corrugations,  because  that  was  an  important  point  with  which 
the  future  success  of  forced  draught,  at  any  rate  at  high  pressure, 
was  closely  connected.  Some  trouble  had  been  experienced  with 
corrugated  furnaces  from  that  cause  where  a  high  air-pressure  had 
been  used,  which  he  thought  might  readily  be  prevented,  and  should 
not  be  allowed  to  stand  in  the  way  of  future  progress  of  forced 
draught,  as  he  believed  that  corrugated  furnaces  and  forced  draught 
could  be  made  to  go  well  together.  It  was  also  mentioned  (page  203) 
that  during  the  trial  the  fan  engine  took  steam  from  the  donkey 
boiler ;  and  he  should  like  to  know  what  the  pressure  of  the  steam 
was,  and  whether  the  throttle- valve  of  the  fan  engine  was  fully  opened, 
or  how  far  open.  The  power  required  for  the  small  air-pressure 
used  was  low,  amounting  to  only  2  •  1  indicated  horse-power,  and  it 
appeared  to  him  that  the  valve  must  have  been  nearly  closed.  As  lie 
believed  Mr.  Fothergill  had  had  large  experience  of  these  high-speed 
engines,  he  should  be  glad  to  know  how  he  had  found  them  answer 
on  the  whole;  and  whether  the  closed-in  construction  of  engine, 
which  was  sometimes  objected  to,  had  given  any  trouble. 

In  the  air  trunk  near  the  fan  he  observed  that  the  air  pressure  in 
the  trial  (page  203)  had  been  0*8G  inch  of  water,  and  at  the  back  of 
the  boilers  0'3-i  inch,  whilst  in  the  ashpits  it  had  fallen  to  0*17 
inch,  or  a  fall  of  more  than  half  and  four-fifths  respectively.  Yet 
from  Plate  57  it  would  be  seen  thai  the  airways  were  comparatively 
Large,  and  that  the  air  had  only  two  bends  to  turn.  Doubtless  tho 
pressures  would  have  been  better  maintained  with  larger  airway-. 
although  the  present  airways  gave  all  thai  was  wanted  by  the  fin 
There  were  many  points  in  connection  with  the  flow  of  air  driven 
by  fans  through  air  trunks,  which  were  well  worth  careful  study; 
and  it  could  scarcely  be  doubted  thai  cumbers  <>i'  installations  of 

ed  draught,  where  much  larger  relumes  per  square  fool  of 
ore-grate  and  higher  air-pressures  wi  1  than  those  described  in 

2  b  -2 
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the  report,  wero  seriously  crippled  by  narrow  and  tortuous  airways 
with  sharp  bends.  These  resulted  in  reduced  delivery  of  air,  or,  if 
the  delivery  must  be  maintained,  the  fan  engine  bad  to  run  perhaps 
another  hundred  revolutions  per  minute.  If  the  bends  in  the  air 
trunks  were  made  with  some  approach  to  the  same  easy  curves  that 
were  used  for  the  ship's  sides,  quicker  flow  of  air  would  be  obtained 
with  less  expenditure  of  power,  just  as  in  the  ship  higher  speed  was 
realised.  A  fan  in  dealing  with  air  was  like  a  centrifugal  punip  in 
•haling  with  water :  it  was  a  highly  efficient  machine  for  a  large 
volume  at  a  low  head.  But  if  the  delivery  were  checked  by 
numerous  bends,  although  the  pump  would  continue  to  absorb  the 
same  power  as  before,  it  would  almost  cease  to  deliver  any  water ; 
and  in  this  way  a  fan,  although  running  beyond  its  intended  speed 
and  with  high  water-gauge  in  the  fan  casing,  might  deliver  to  the 
fires  a  small  volume  of  air  and  at  low  pressure,  owing  to  the  loss  of 
head  by  sharp  turns  and  surface  friction,  setting  up  eddies,  whereby 
the  velocity  given  to  the  air  by  the  fan  was  expended  in  producing 
internal  movements,  instead  of  in  moving  forward.  Eecently  somo 
experiments  had  been  made  by  Mr.  Robert  S.  Williamson  of 
Hednesford,  with  a  Chandler  colliery  fan  drawing  50,000  cubic 
feel  per  minute,  and  ventilating  one  of  the  Cannock  pits  having  a 
large  shaft  some  400  yards  deep.  The  driftway  opening  from  the 
upcast  shaft,  leading  to  both  sides  of  the  fan  and  under  the  fan,  w:is 
1  i'eet  by  6  feet,  having  therefore  an  area  of  24  square  feet  and  an  air 
relocity  of  about  85  feet  per  second.  The  vacuum  in  the  pit  shaft 
},<  Low  the  month  of  the  drift  was  0*6  inch  of  water,  whilst  that  in 
the  drift  near  the  fan  was  1*1  inch,  thus  showing  that  half  an  inch 
of  water  j  arly  half  of  the  whole  load,  was  wasted  by 

the  drift     By  enlarging  the  drift,  as  had  now  bees  done,  to  double 

previous  size,  the  velocity  had  been  halved,  and  the  delivery  of 

air  greatly  augmented  without  perceptible  increa  <•  in  power  expended  ; 

and  the  ?acnnm  in  the  drift  and  in  the  pit  had  been  brought  nearer 

1  inch,    d  lechanical  ventilation  was  displacing 

older  ventilation  of  collieries  by  a  furnace  at  the  bottom  of  the 

would  draught  induct  d   by  feni   dii  place  tall 

chimneys  and   \s  i  which,   however  efficient   in  eold   weather 
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arid  with  a  good  head  wind,  were  not  to  be  relied  on  in  hot  elimates 
and  with  a  following  wind.  It  was  of  the  greatest  importance  in  a 
steamship  to  have  complete  control  over  the  air  supply  to  the  fires. 

Mr.  Dkuitt  Halpin  thought  the  Institution  was  to  be  congratulated 
on  the  present  report,  giving  as  it  did  such  a  number  of  valuable 
facts,  put  so  clearly  and  concisely ;  and  also  the  designer  of  the 
engines,  on  the  great  success  he  had  achieved  in  making  such 
economical  engines  of  this  type.  The  Committee  had  here  carried 
out  a  splendid  trial ;  but  if  there  was  a  desire  to  popularise  such 
trials,  he  was  still  of  the  opinion  which  he  had  previously 
expressed,  that  it  was  not  the  easiest  way  of  doing  so  to  continue  the 
use  of  the  present  measuring  tanks,  getting  them  fitted  into  the  ships 
for  the  purpose  of  obtaining  the  water  measurement  which  was 
absolutely  essential.  In  the  present  trial  the  quantity  of  water  dealt 
with  by  the  measuring  tanks  was  8,G16  lbs.  an  hour;  and  the  only 
hitch  that  had  thus  far  been  mentioned  had  been  wThat  seemed  to  him 
to  be  a  vital  discrepancy  among  those  who  were  present  at  the  trial, 
as  to  what  had  haj>pened  in  regard  to  the  leakage  of  the  feed-puinps 
and  of  the  tank  ccck.  On  a  former  occasion  he  had  recommended  the 
use  of  meters  for  the  water,  and  he  was  still  decidedly  in  favour  of 
that  mode  of  measurement.  Since  then  there  had  been  still  further 
experience  in  this  matter,  and  in  many  large  central  electric-lighting 
stations,  where  it  was  necessary  to  take  accurate  observations,  ho 
understood  that  water  meters  were  being  used  with  great  success,  giving 
really  correct  results  on  boilers  which  were  taking  considerably  more 
water  than  was  used  in  the  present  trial.  The  whole  meter  was  under 
2  feet  diameter,  and  worked  just  as  the  engine  counter  worked,  from 
one  end  of  the  year  to  the  other;  and  the  quantity  of  water  was 
noted  every  day,  just  like  the  coal  consumption.  In  trials  on  board 
ship  a  meter  oonld  be  used  with  a  simple  by-pass,  if  desired ;  and 
this  arrangement  appeared  to  him  preferable  to  employing  tanks, 

which    involved    the  difficulty   <>t*    finding    space    for   them,   and    the 

expense  of  fitting  them  in  one  ship  after  another. 

One  point,  on  which  he  thought  it  would  he  of  great  value  if  the 
Committee  oould  see  their  waj  re  information  in  any  future  trial, 
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was  the  quantity  of  the  circulating  water.  It  was  true  that  the 
temperature  ami  weight  of  the  exhaust  steam  were  already  known, 
and  also  the  temperatures  of  the  entering  water  and  of  the  discharge 
water :  so  that  from  the  rise  of  temperature  the  quantity  of  the 
water  could  be  calculated.  Nevertheless  if  it  was  in  any  way  possible 
he  should  much  like  to  have  a  check  upon  the  calculation  by  actual 
measurement  of  the  volume.  There  would  then  be  the  means  of 
seeing  whether  it  was  commercially  more  economical  to  drive  a  larger 
body  of  water  through  a  smaller  condenser  or  a  smaller  body  of  water 
through  a  larger  condenser. 

In  the  description  of  the  "  Iona  "  engine  it  had  been  stated  that 
the  high-pressure  cylinder  was  in  the  middle,  and  that  its  jacket 
drained  into  the  hot  well,  which  he  thought  was  not  at  all  a  good 
plan.  How  any  better  thermo-dynamic  result  could  thereby  be 
obtained  he  failed  to  see.  There  might  indeed  be  a  better  result 
from  a  hotter  feed,  in  consequence  of  better  circulation  in  the  boiler, 
or  of  freedom  from  injury  to  the  boiler,  or  of  absence  of  leakage  ;  but 
he  did  not  see  that  any  good  could  come  of  putting  live  steam  into 
the  feed-water,  and  in  this  particular  case  he  thought  there  was  not 
any  excuse  for  so  doing,  because  the  conditions  were  the  most 
favourable  of  all  for  natural  drainage.  For  in  these  cargo  boats  and 
in  most  sea-going  steamers  there  was  a  natural  fall  of  about  8  feet 
between  the  bottom  of  the  cylinder  and  the  water  surface  in  the 
boiler,  which  was  quite  enough  to  ensure  thoroughly  eflicient 
drainage,  if  a  big  enough  pipe  were  put  on,  say  2^  inches  internal 
diameter,  with  eocki  to  provide  against  a  break-down. 

TIm;  jacketing  appeared  to  have  been  done  in  a  good,  efficient, 
and  fill  manner,  so  far  as  it  went ;  but  he  thought  there  was 

not  enough  of  it.     If  the  intermediate  cylinder  and  especially  the 

r-presaure   cylinder   had   also  been  jacketed,  still  better  results 

lie   thought  would    have   been   obtained.      In    a  small    engine   that  be 
<.f,    with    only    60    lbs.    sleam    and   only    two    Cylinders,    both 

of   irhich  irere  jacketed  completely,  the  consumption  of  feed-water 

was  down  to   17*1  IK.  per  indicated  horse-power  per  hour,  which 
attrih:,'  to  the  large  amount  of  jaoketed  surface*      iu 

that  case  the   com  m    in    the  jaoketfl   amounted   to  as  much  as 
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17J  per  cent,  of  the  total  feed,  instead  of  only  the  4*3  per  cent,  in 
the  single  jacket  of  the  "  Iona." 

The  clearance  volumes  of  the  three  cylinders  (page  202)  appeared 
to  him  to  be  abnormally  large  ;  and  he  should  be  glad  to  know  why 
they  had  been  made  so  large.  From  what  had  been  said  by  Mr.  Mudd 
(page  237)  about  the  remarkably  good  results  obtained  with  his 
pistons,  he  thought  it  would  be  of  great  value  if  a  drawing  could  be 
added  of  the  piston,  in  order  that  the  reason  might  be  better 
understood  of  its  freedom  from  friction,  and  consequently  from  wear. 
With  regard  to  flat  slide-valves,  he  was  glad  to  hear  that  with  a 
boiler  pressure  of  160  lbs.  these  had  been  found  to  work  efficiently 
and  to  keep  steam-tight.  A  great  deal  of  leakage  he  thought 
occurred  with  piston-valves,  which  were  troublesome  to  keep  in 
working  order.  Such  a  first-class  example  of  flat  slide-valves 
working  under  the  most  unfavourable  conditions,  without  balancing, 
and  with  the  whole  of  the  load  thrown  direct  on  the  eccentric,  was 
a  great  point  in  favour  of  flat  valves,  and  he  hoped  that  an  effort 
would  be  made  to  use  them. 

The  boilers  of  the  "  Iona  "  he  considered  were  far  too  large  for  the 
work  they  had  to  do.  In  the  trial  it  appeared  they  had  been  evaporating 
only  2  *  73  lbs.  of  water  per  square  foot  of  heating  surface  per  hour. 
To  such  a  low  rate  of  evaporation  he  thought  the  only  parallel  that 
had  been  accurately  recorded  was  to  be  met  with  in  what  were  known 
as  racing  portable  engines,  in  which  it  was  found  that  the  best  result 
was  obtained  when  the  evaporation  was  brought  down  to  about 
2L  lbs. ;  if  it  were  lower  there  was  a  loss,  and  if  it  were  higher 
there  was  also  a  loss ;  but  what  might  be  the  commercial  value  of 
that  low  rate  of  evaporation  in  racing  portable  engines  he  was  not 
aware.  The  serious  inefficiency  of  the  "  Iona  "  boilers  would  become 
apparent  if  a  boiler  were  looked  upon  as  a  machine-tool,  taking  into 
consideration  not  only  its  economy  in  steam  production  but  ilao  it> 
rate  of  steam  production.  If  these  two  figures  were  multiplied 
together,  their  product  in  hlfl  opinion   formed  at  least  a  fair  factor  of 

value  for   representing  what  the   boiler    was  doing.      Taking   the 
amount  of  evaporation  from  and  at  212    1\  m  reported  from  the 

trial,  namely  lO'Co  lbs.  of  water  pel  pound  of   coal,  ami    tin-   rah 
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which  it  was  evaporated,  namely  2  •  73  lbs.  per  square  foot  of  heating 
surface  per  hour,  the  product  of  these  figures  was  29,  which  was  an 
exceedingly  low  factor  for  the  value  of  the  boilers.  At  the  other  end 
of  the  scale  was  what  he  believed  to  be  the  most  efficient  boiler  in 
the  world,  namely  the  locomotive  boiler  worked  under  its  ordinary 
circumstances.  Data  given  some  years  ago  by  Mr.  Webb  showed  an 
evaporation  from  and  at  212°  of  10*28  lbs.  of  water  per  pound  of 
coal,  which  was  evaporated  at  the  rate  of  9  •  83  lbs.  per  square  foot  of 
heating  surface  per  hour  (Proceedings  1884,  pages  109-111).  These 
figures  multiplied  together  gave  101  as  the  factor  of  value  for  the 
locomotive  boiler,  in  comparison  with  29  for  the  boilers  in  the 
"Iona."  Apart  altogether  from  the  use  of  forced  draught,  the 
circumstances  were  of  course  entirely  different.  The  high  efficiency 
of  the  locomotive  boiler  he  believed  was  due  to  the  conditions  of  its 
working,  whereby  on  the  one  hand  each  bubble  of  steam  as  it  formed 
was  immediately  shaken  off  from  the  heating  surface,  which 
therefore  had  always  solid  water  in  contact  with  it;  and  on  the  other 
hand,  owing  to  the  jarring  of  the  whole  machine,  every  particle  of 

1  in  the  fire  got  its  proper  particle  of  oxygen,  and  the  fire  got 
shaken  up  in  a  way  that  no  other  fires  did.  This  effect  he  had  tried 
for  a  year  to  produce  artificially  in  various  kinds  of  boilers  by 
bumping  and  shaking  them  in  every  possible  way  that  he  could 
imagine,  bat  without  success. 

The  farnaoefl  in  the  "  Iona"  boilers  he  considered  were  splendid, 
irrespective   of  the   corrugated  flues,  which  wore  very   good.      The 

larkably  small  grates,  originally  only  3  feet  9  inches  long  and  now 

shoi  ko8  feet,  appeared  to  him  to  be  a  move  is  the  right  direction, 

giving  the  Stokers  complete  control  over  the  firing,  and   leaving   no 

for  bad  firing  or  for  the  grates  getting  bare  at  tho  farther  end. 

rI  he  chimney  of  6J  fa  t  diameter  or  80*7  square  feet  area  ires  almost 

■  mch  ai  t!.i< '  -quart  ra  of  the  an  s  of  the  grate,  which  was  a  larger 

proportion  than  be  had  ev<  t  met  with.     At  the  same  time,  owing  to 

small    amount  of  coal  that    was  being  burnt,  it  was  stated 

(pe  that  throughout  the  s  bole  of  the  trial  the  damper  was  kept 

onlj  -i.     IP  It  was  profitable  to  make  a  chimney 

id  not  know:  though  of  course  the  fact  mn 
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be  recognised  that  the  trial  was  made  with  good  clean  English  coal, 
and  with  everything  in  first-rate  condition,  and  that  some  allowance 
must  be  made  for  inferior  coal  being  received  abroad,  and  for  bad 
firing  ;  nevertheless  the  ratio  of  six  to  one  gave  an  unusually  large 
margin.  The  exact  proportion  of  the  funnel  area  was  73  per  cent, 
of  the  grate  area,  or  about  105  square  inches  of  funnel  per  square 
foot  of  grate  ;  many  engineers  were  glad  if  they  could  get  room  to 
put  in  a  chimney  of  only  about  20  or  25  square  inches  area 
per  square  foot  of  grate,  with  practically  the  same  height  of 
50  feet. 

With  regard  to  the  use  of  the  forced  draught,  he  altogether 
failed  to  see  its  advantage,  so  far  as  the  Committee's  trial  went, 
because  the  quantity  of  coal  burnt  was  so  small,  amounting  to  only 
22*4  lbs.  per  square  foot  of  grate  area  per  hour,  and  the  whole 
ap2>aratus  seemed  so  inefficient :  even  when  the  fan  was  generating  a 
pressure  of  1  •  03  inch  of  water,  only  0  *  32  inch  pressure  was  obtained 
in  the  ashpit,  being  less  than  one-third.  Whether  it  was  worth 
while,  in  view  of  getting  so  little,  to  go  to  so  much  complication, 
might  be  questioned.  The  fan  and  engine  were  of  a  simple 
description,  and  might  perhaps  be  of  advantage  under  heavier  loads, 
when  the  main  engines  were  working  at  700  or  800  horse-power  and 
with  much  dirtier  coal ;  but  in  the  trial  lie  thought  the  result 
might  jierliaj^s  have  been  even  better  if  the  forced  draught  had  been 
Btopped  altogether. 

With  a  boiler  pressure  of  1G5  lbs.  per  square  inch  above  the 
atmosphi  re,  he  Bhonld  be  glad  to  know  how  it  was  that  no  nit. re  than 
142}  lbs.  initial  pressure  was  obtained  in  the  cylinder  during  the 
trial;  and  whether  it  was  thought  there  was  any  compensating  gain 
to  set  off  against  the  drop  of  22\  lbs. 

With  regard  to  the  avers  of  transmission  of  heat  through 

the  metal  of  the  boiler,  which  was  given  in  page  21 1  ss  3,059  thermal 
units  per  square  fool  of  heating  surface  per  hour,  he  suggested  that 
in  future  this  might  be  expn  seed  in  ■  clearer  way  by  giving  the 
transmission  per  square  fool  per  degree  of  diffi  V  temporal 

between  the  hoi  in  the  furnace  and  the  water  in  the  boiler,  bees 

the  rate  of  transmission  depended  absolutely  on   that  difference  of 
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temperature.  The  only  assumption  to  be  made  was  2,500°  F.  for  the 
temperature  of  the  furnace,  which  he  supposed  would  not  be  objected 
to;  on  this  assumption  the  mean  between  the  furnace  temperature 
and  the  temperature  452°  of  the  chimney  gases  would  be  1,476°, 
which  was  1,103°  in  excess  of  the  temperature  373°  of  the  boiler 
steam  ;  so  that  the  rate  of  transmission  per  square  foot  per  degree 
of  difterence  of  temperature  would  be  about  3,059-^-1,103  =  2-77 
thermal  units  per  hour.  For  locomotive  boilers,  as  he  had  previously 
mentioned  (Proceedings  1889,  page  299),  the  rate  of  transmission 
expressed  in  these  terms  had  been  given  by  Mr.  J.  A.  Longridge  as 
11  thermal  units:  which  again  bore  out  his  own  view  as  to  the 
comparative  inefficiency  of  these  large  marine  boilers  when  worked 
at  so  low  a  power  as  they  were  in  the  "  Iona." 

Although  the  two  sets  of  results,  from  the  Committee's  trial  and 
the  subsequent  trial  made  by  the  chief  engineer,  were  said  (page  217)  to 
agree  remarkably  well,  he  feared  that,  notwithstanding  all  the  pains 
taken,  the  agreement  was  only  a  coincidence.  For  it  had  been  stated 
by  Mr.  Brown  (page  242)  that  his  own  trial  had  been  carried  out 
with  only  two  indicators,  and  that  these  had  been  connected  to  the 
cylinders  by  long  pipes.  From  his  own  experience  of  long  pipes  for 
indicators,  he  now  placed  no  reliance  whatever  upon  diagrams  so 
taken.  On  a  former  occasion  (Proceedings  1886,  page  364)  he  had 
given  an  instance  in  which  the  mean  pressure  shown  by  diagrams 
taken  with  long  pipes  was  increased  as  much  as  38  per  cent,  when  the 
indicators  were  afterwards  fixed  right  on  the  cylinder  without  any 
intervening  length  of  pipes.  It  therefore  seemed  to  him  that  the 
whole  of  the  results  deduced  from  tho  chief  engineer's  otherwise 
most     valuable      trial     must     unfortunately    be    vitiated    for    that 

ML 

Mr.  William  Sohonhiydbb  wished  to  congratulate  the  Oommittee 

on  baring  had  such  fine  engines  to  test  in  the  present  trial    They 

ap]  to  be  fir  t-clasf  work,  and  to  be  giving  highly  economical 

.although  there  might  be  some  additions  made  to  them  with 

advantage,  a     bad  been  pointed  out  by  Mr.  Halpin  (pages  25] 

un-1  248),  in  th'  way  of  avoiding  so  much  Loss  of  initial  pressure  in 
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the  first  cylinder,  and  in  having  all  the  cylinders  efficiently  steam- 
jacketed.  From  the  dimensions  given  in  the  report  it  appeared  that  the 
volume  of  the  air-pump  was  only  about  one-seventeenth  of  the  volume 
of  the  low-pressure  cylinder;  and  as  there  was  a  surface  condenser,  a 
small  air-pump  naturally  sufficed.  But  from  the  indicator  diagram  in 
Fig.  13,  Plate  48,  taken  from  the  air-pump,  it  appeared  plain  that, 
under  the  conditions  under  which  the  engines  were  working,  the  air- 
pump  might  really  have  been  made  only  about  half  its  present  size, 
and  that  it  would  still  have  given  equally  good  results.  In  the 
design  of  the  engines  and  boilers  he  entirely  approved  the  bold  stroke 
of  making  such  large  boilers  for  the  engines.  Hitherto  it  had  been  a 
common  fault  in  marine  engineering  to  proportion  the  boilers  far  too 
scantily  for  the  work  to  be  done  ;  and  therefore  the  evaporation  had 
been  poor.  In  the  present  case  the  evaporation  was  high,  although 
the  total  work  done  by  the  boilers  might  not  be  so  considered  in 
proportion  to  their  size.  The  big  combustion  chamber  at  the  back  of 
the  furnace  he  thought  was  an  admirable  arrangement,  as  was  also  the 
use  of  a  grate  which  was  not  too  long  to  be  properly  managed.  In 
connection  with  the  arrangement  adopted  for  getting  rid  of  the 
water  condensation  in  the  steam-jacket,  he  enquired  how  the  air 
also  was  got  rid  of,  which  naturally  resulted  from  the  condensation 
of  the  steam.  In  the  employment  of  the  measuring  tanks  for  the 
present  and  previous  trials,  it  seemed  to  him  that  the  use  of  the 
long  glass  tube  running  up  the  side  of  each  tank,  to  serve  as  a 
water  gauge  for  the  whole  height  of  the  tank,  must  have 
necessitated  great  caution,  because  if  either  tube  were  to  be  broken 
the  corresponding  tank  would  be  rendered  inoperative  until  another 
glass  could  be  put  in,  and  it  might  be  inconvenient  to  use  only  one 
tank.  That  seemed  to  him  a  weak  point  in  the  arrangement  for 
measuring  the  feed-water. 

Mr.  John  Phillips,  referring  to  the  indicator  diagrams  shown  in 
l'late  48   from   the   firs!    and    second  rs,   asked   which  line 

corresponded  with  the  upstroke  and  which  with  the  downstrokeof 
the  piston-rod  from  which  the  motion  was  taken.     It'  possible  on  any 

future  occasion  he   thought   it  would   be  desirahh    to  t.ilu    a   diagram 
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also  from  tlie  under  side  of  the  air-pump  bucket  as  well  as  from  the 
upper  side.  The  diagram  from  the  under  side  he  thought  would  not 
be  a  straight  line  ;  and  he  hardly  saw  how  the  power  necessary  to 
work  the  pump  could  be  calculated  without  ascertaining  what  was 
going  on  below  the  bucket.  The  Institution  he  thought  was  to  be 
congratulated  on  the  valuable  experiment  that  had  now  been  described, 
which  furnished  so  many  facts  for  confirming  or  refuting  opinions 
previously  entertained.  In  the  present  trial  the  machinery  of  the 
vessel  as  a  whole  struck  him  as  being  much  too  big  for  the  power  at 
which  it  was  worked.  The  engines  and  boilers  he  considered  were 
e<|iial  to  at  least  1,000  horse-power;  and  if  that  were  the  case  with 
the  boilers,  he  wanted  to  know  what  advantage  was  gained  from 
having  the  forced  draught.  In  order  to  use  the  forced  draught  he 
observed  that  the  fire-grate  area  was  much  reduced  below  what  it 
would  be  under  conditions  of  natural  draught.  A  fan  he  admitted 
was  an  excellent  thing  under  certain  conditions,  as  in  the  case  of 
tropical  climates,  when  the  air  draught  was  bad;  but  he  would 
suggest  whether,  if  the  grates  were  extended  to  more  nearly  the 
usual  length,  the  same  result  might  not  be  got  and  there  might  not 

certain  gains.  Perhaps  seven  feet  length  might  be  too  much,  but 
possibly  live  feet  might  hit  the  mark,  and  then  the  grates  would  not 
be  difficult  to  stoke. 

For  taking  t  lie  temperature  of  the  chimney  he  noticed  that  the 
thermometer  had  been  placed  about  30  feet  above  the  fire-bars  ;  and 
there  was  a  damper  at  17  ft.  8  ins.  above  the  lire-bars,  which  was  only 
one-sixth  open.  By  that  means  it  seemed  to  him  that  the  temperature 
of    the  i    oaping     from    the    boiler    tubes    must    have    been 

rably  lowered  before  they  reached  the  thermometer.      The 
fni.  musually  large,  about  live-sevenths  of  the  fire-grate. 

Thi  raen1   i  fcion  taken  by  the  chief  engineer  at  6  J  feel 

ah  fire-bars  would  be  about  at  the  level  of  the  top  of  the 

till-  I  that,  he  shonM  consider  would  be  the  proper  place  for 

ing    the    temperature    of    the    escaping    gases;    at    any    rate    the 

temperaturei    in    the   Committee's    trial    should    have    been   taken 

below  the  damper,  instead  of  above  it.    The  measuremeni  also  of 

chimney  draught  by  th<    vacuum  gauge  (page  207)  med  to 
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him,  should  have  been  taken  at  a  much  lower  point,  as  low  down 
in  the  smoke-box  as  possible,  instead  of  30  feet  above  the  fire-grate. 
How  far  the  chemical  composition  of  the  gases,  if  drawn  off  from  the 
funnel  below  the  damper,  would  have  been  affected  by  the  difference 
of  temperature  he  did  not  know  ;  but  all  these  funnel  observations  he 
thought  should  have  been  taken  certainly  below  the  damper. 

The  position  of  the  link  motion  was  not  mentioned  in  the  report, 
and  from  the  indicator  diagrams  it  appeared  to  him  that  it  must  have 
been  much  linked  up.  He  asked  whether  the  plan  of  maintaining 
the  boiler  pressure  at  165  lbs.,  with  an  initial  pressure  of  only 
11-.V  lbs.  in  the  high-j^ressure  cylinder,  had  been  arrived  at  by  any 
previous  exj)erience ;  whether  it  had  been  found  that  it  was  better 
than  lowering  the  boiler  pressure,  or  whether  a  lower  boiler 
pressure  and  a  rather  later  cut-off  would  not  be  preferable.  From 
the  diagrams  in  Plate  45  of  the  indicated  horse-power  and  the  boiler 
pressure  it  appeared  that  where  the  boiler  pressure  was  the  highest 
the  indicated  horse-power  was  not  so.  Thus  at  7  o'clock  p.m.  the  boiler 
pressure  was  1G9  lbs.,  and  the  power  was  only  G2'J  I.H.P. ;  at  8  o'clock 
the  pressure  was  1G2  lbs.,  and  the  power  had  risen  to  045  I.H.P.  ;  at 
2  o'clock  a.m.  the  pressure  had  risen  to  170  lbs.,  and  the  power  had 
dropped  to  G42  I.H.P. ;  at  4  o'clock  the  figures  were  165  lbs.  and  G40 
I.H.P. ;  and  at  6  o'clock  they  were  170  lbs.  and  GGO  I.H.P.  This 
great  discrepancy  led  him  to  question  whether  the  higher  pressure  of 

km  in  the  boiler  actually  produced  a  better  result  in  the  engi 
The    steam    he    thought    must    be    much   wire-drawn.     1  let  ween   the 
Ler    and    the    slide- valve    chest    there  would    no    doubt    be    other 
iilatmg  valves  besides  the  boiler  stop-valves;  and  he  should  like 
to  know  whether  they  were  all  fully  opened,  or  how  much  they  w< 
ned.    It  was  much  to  be  i  1  that  the  arrangement  made  for 

ting  the  priming  had  broken  down,  because  it' Mich  boilers  as  th< 
primed,  notwithstanding  they  were  bo  Lightly  driven,  il  would  seem 
that  there  could  hardly  l»o  any  boilers  in  oe  which  did  uoi 

prime.     The  water  line  wi  given  in  the  report;   but  by  waj 

a  rough  approximation  he  had  multiplied  the  diameter  of  the  boiler 
by  its  Length,  and  then  divided  the  indicated   horse-powi  the 

product,  in  ord  of  tin  in 
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this  and  the  previous  trials.  In  the  "Meteor,"  according  to  this 
mode  of  calculating,  the  indicated  horse-power  per  square  foot  of 
boiler  water  surface  amounted  to  4*61,  in  the  "  Colchester"  to  4*17, 
in  the  "Tartar"  to  2-83,  in  the  "  Fusi  Yama"  to  2-54,  and  in 
the  "  Iona "  to  only  2 '  43.  Although  this  comparison  was  only 
approximate,  it  would  probably  not  be  misleading,  because  all  the 
boilers  were  within  a  little  of  the  same  diameter.  It  therefore  seemed 
difficult  to  understand  how  boilers  with  such  a  large  water  surface 
and  worked  under  such  easy  conditions  as  in  the  "  Iona "  could 
possibly  prime,  considering  that  in  the  "  Meteor "  there  was  no 
mention  of  priming,  although  her  boilers  were  doing  nearly  double 
what  those  in  the  "  Iona  "  were  doing.  That  there  had  been  no  evil 
effects  from  priming  in  the  "Meteor"  seemed  to  him  remarkable, 
because  a  great  many  boilers  had  come  under  his  notice  where  the 
priming  had  been  excessive ;  but  he  never  had  to  deal  with  boilers  so 
large  for  their  power  as  these  in  the  "  Iona." 

In  the  coal  measurement  (page  204)  he  thought  the  difference 
between  the  6*79  tons  weighed  into  the  bunker  and  the  6*67  tons 
weighed  out  for  the  trial  was  certainly  no  greater  than  might  bo 
expected  from  merely  turning  the  coal  over.  He  had  never  found 
that  the  quantity  of  coal  put  into  a  bunker  could  be  accounted  for 
without  allowing  a  percentage  of  loss  varying  witli  the  quality  of  the 
(Mill.  Small  line  coal  naturally  required  a  much  larger  percentage  to 
be  deducted  thin  lump  coal.  In  Table  12  given  by  Mr.  Fothergill 
(page  'I'll)  a  deduction  of  10  per  cent,  had  been  allowed  on  the 
quantity  of  coal  received  abroad,  which  he  thought  was  not  more 
than  WBfl  always  lost  in  putting  the  coal  into  the  bunkers,  drawing  it 

cut  again,  and  throwing  it  upon  the  fires;  but  as  the  shipowners  paid 

tor  t!  amount,  this  quantity  should   be  the  basis  of  calculation 

Cot  comparison  with  other  oases. 

The  fan  engine  he   thought,  although  small,  should   certainly 

■  mi    either    from    the    first    receiver,    as    intended 

else  from  the  main  boilers  direct;  because  under  the 

circumstances    under   which    it    was    worked    the    fan    formed    one 

of  the   adjuncts   towar<        etting    the   result  that   was  obtained  in 

.  ',i  coaL     It  any  pari  of  the  machinery  were  cut  off  from  the 
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main  boilers  and  were  worked  by  some  other  means,  that  hardly 
seemed  the  proper  way  of  testing  the  performance  of  the  engines  and 
the  main  boilers. 

The  supplementary  feed,  which  was  given  as  8*7  lbs.  per 
minute  (page  211),  seemed  excessive,  amounting  actually  to  19*41  lbs. 
per  indicated  horse-power  per  day.  For  1,000  horse-power  the 
amount  would  therefore  be  8*66  tons,  instead  of  the  usual 
estimate  of  only  one  ton  for  that  power.  The  excess  was  so  great 
that  he  thought  the  matter  ought  to  be  looked  into.  No  mention 
being  made  in  the  report  of  the  source  from  which  the  supplementary 
feed  was  obtained,  or  of  any  distiller  for  this  purpose,  he  asked 
whether  it  was  supplied  from  the  donkey-boiler  steam :  in  which  case 
it  would  seem  that  at  least  a  portion  of  the  coal  used  for  that  boiler 
should  be  charged  to  the  main  engines.  The  quantity  of  supplementary 
feed  being  so  abnormally  large,  whilst  the  quantity  of  the  total  feed 
was  small  per  indicated  horse-power,  the  question  arose,  where  did 
the  supplementary  feed  go  to,  if  it  was  measured  but  did  not  reach 
the  boilers.  It  was  stated  that  practically  the  whole  of  the  water 
from  the  jacket  and  cylinder  drains  was  returned  into  the  feed- 
measuring  tanks,  and  therefore  re-pumped  into  the  boilers.  How 
was  the  supplementary  feed  put  into  the  boilers  ?  In  the  event  of 
this  extra  supply  coming  from  water  evaporated  in  the  donkey  boiler, 
the  coal  required  to  evaporate  it  was  certainly  a  quantity  which 
under  other  conditions,  such  as  with  the  use  of  an  evaporator,  would 
have  been  consumed  under  the  main  boilers.  The  propelling 
machinery  could  not  be  considered  complete  without  all  the  auxiliaries 
necessary  to  work  it  when  the  vessel  was  under  weigh.  In  tho 
reports  of  the  previous  trials  lie  had  found  no  mention  of  supplementary 
fi  i  d  ;  ami  for  comparing  under  similar  conditions  in  this  reaped  the 
present  trial  with  the  previous,  it  Beamed  necessary  therefore  to  know 
both  the  quantity  and  the  source  of  the  supply,  as  well  as  the  mode 
of  measurement. 

Mr.  Robkbt  Bbuoi  considered  thai  the  value  of  the  present  and 
the  previous  reports  consisted  Largely  in  their  fnrnishing  ■  basis  of 
comparison   for  the  performances  of  various  ships.     In  reading  the 
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present  report  the  first  thing  that  had  struck  him  was  the  remarkably 

d    quality  of  the   coal  used  in   the  trial,  as   evidenced   by  the 

analysis  (page  205),  in  which  it  would  be  observed  that  there  was  under 

r  cent,  of  ash.     That  fact  went  a  long  way  to  account  for  the 

nomyof  the  performance,  because  the  fires  did  not  require  to  be 

so  frequently  disturbed  by  cleaning  as  would  be  necessary  with  coal 

having  a  greater  mixture  of  dirt.     Then  the  analysis  of  the  ashes 

themselves  showed  that  56  per  cent,  of  their  weight  was  carbon  and 

combustible.     In  the  "  Meteor  "  trial  the  ash  was  3  •  46  per  cent,  of 

the  coal  as  used,  in  the  "  Tartar"  3*42,  in  the  "Colchester"  4*08, 

and  in  the  "  Fusi  Yama"5'll  per  cent.;  so  that  the  "  Iona  "  had 

in  this  respect  a  great  advantage  over  the  previous  trials. 

By  means  of  the  system  of  forced  draught  with  which  he  was 

connected,  he  considered  that  boilers  of  equal  size  to  those  in  the 

"Iona';  would  give  with  ease  800  horse-power  each.     The  forced 

draught   in   the    "Iona"    he    thought   was    probably   meant   to   be 

understood  rather  as  assisted  draught;  because  for  forced  draught 

did   not  see  why  there  should  be  a  funnel  with  a  damper  only 

one-sixth   open.      The   funnels   of    which    he    had    experience    in 

i  with  forced  draught  had  no  damper  at  all ;  and  it  seemed 

to   him   that,  if  in  the  "Iona"  trial  the  fan  had  been  taken  away 

altogether  and  the  damper  opened  wider,  with  perhaps  a  little  longer 

v.e,  the  results   might  have   been,  not  indeed   better,  but  equally 

i  ,].     The   economy  due  to   forced  draught  consisted  essentially  in 

the  Jin  efficiency  of  the  heating  surface,  the  heating  of  the  air 

supply  by  the  waste  gases,  reduction  in  number  or  size  of  boilers, 

i  saying  of  fuel  for  a  given  power.    As  none  of  these  features 

discernible  in  the  present  report,  he  could  not  consider  that 

draught,  in  the  sense  in  which  he   understood   it  and  was 

deal   with  it,  had  been  applied  to  the  boilers  of  the 

•  I  ,n:i."  in  a  purely  practical  point  of  view,  tl  nits  did  not, 

afford  inueli  encouragement  to  shipowners,  if  they  hud  te  Load  their 

2    ■  >ns  weight  (page  ~"1)  in  order  to  get  645 

r.     The  value  of  the  larger  space  occupied  by 

importance.     In  some  \<     el    which  he  knew 

."Mi-.  Elowden's  plan  of  forced  draught,  a  considerably 
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higher  power  was  obtained  from  boilers  of  only  about  half  the 
weight  and  occupying  only  half  the  space;  while  not  only  was 
the  cost  of  the  second  boiler  saved,  but  a  greater  dead-weight 
carrying  capacity  was  given  to  the  ships,  as  well  as  larger  stowage 
space.  Moreover  the  complication  and  expense  were  avoided  of 
a  double  set  of  feed,  blow-off,  and  waste-steam  pipes,  and  also  of 
general  boiler  mountings  and  seatings ;  and  the  ships  might  be 
propelled  at  a  higher  speed.  As  one  among  many  examples  which 
might  be  given  of  the  advantages  derived  in  cases  where  that  i)lan 
of  forced  draught  had  been  applied,  he  might  mention  the  s.s.  "  Clan 
Fraser,"  of  2,083  gross  tonnage  and  1,349  net,  having  triple-expansion 
engines  with  cylinders  22  and  34  and  59  inches  diameter  and  42 
inches  stroke.  Steam  at  160  lbs.  pressure  was  supplied  by  a  single 
boiler,  15  feet  diameter  and  11-  feet  long,  with  three  furnaces  of 
S  ft.  7h  ins.  diameter,  and  2,338  square  feet  of  heating  surface,  and 
50  square  feet  of  grate  area.  As  in  several  sister  ships  also,  this 
boiler  maintained  over  long  voyages  23*66  indicated  horse-power 
per  square  foot  of  grate,  on  a  coal  consumption  of  1^  lbs.  per 
indicated  horse-power  per  hour,  the  total  power  being  1,183  indicated 
horse-power.  In  respect  of  net  tonnage  there  was  nothing  against 
the  use  of  forced  draught,  but  rather  something  in  its  favour 
when  it  was  properly  dealt  with.  In  regard  to  the  mode  of  a])plying 
the  artiiicial  draught  to  the  boiler  of  the  "Iona,"  he  remembered 
that  in  1886  the  admission  of  the  air  both  above  and  below  the 
fire-bars  had  been  advocated  by  Mr.  Fothergill,  who  then  stated  that 
to  admit   the  air  wholly  below  the   bai  to   run   a  great   risk 

of  bringing  them  down.      In  the  ':Iona"   however  that  view  had 

a  departed  from.  When  the  air  was  distributed  in  a  proper 
manner  and  proportion  both  above  and  below  the  fuel,  the  bar-  lasted 
for  a  Ion-  period  without  injury.  Only  today  he  had  been  on  board 
a  ship  which  had  made  three  round  voyages  to  the  East  under 
Mr.  Ilowdcii's  forced  draught,  and  not  alsingle  bar  had  been  injur  1 
during  the  period  occupied  by  these  \ 

There  was  no  doubt  it  was  hardly  fair  to  take  the  temperatures  of 
the  wasl  -  at  the  height  at  which  they  had  been  taken  in  the 

funnel  of  the  "Iona,"  and  then   to  deduct  only  the  Loflfl  dm-  to  th 
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temperatures.  If  they  had  been  taken  at  the  usual  place,  namely  at 
the  top  of  the  smoke-box,  the  loss  by  the  escaping  heat  would  have 
come  out  much  greater :  if  he  understood  aright  the  observations  in 
the  *;  Meteor,"  the  "  Fusi  Yama,"  and  the  "  Colchester,"  the  losses 
due  to  the  escape  of  waste  heat  were  great  in  those  vessels  also. 

Mr.  J.  Maofablani  Gray  thought  the  Committee's  experiments 
were  proceeding  very  well,  and  the  series  was  becoming  highly 
valuable.  With  regard  to  the  calorimetrie  tests  made  by  Mr.  Legros 
with  the  beautiful  Thomson  calorimeter  exhibited,  he  asked  whether 
the  correction  for  the  latent  heat  of  the  steam  formed  in  combustion 
had  been  deducted.  If  it  was  not  deducted,  and  if  the  smoke-box 
temperature  of  G72°  in  Mr.  Fiddes  Brown's  experiment  was 
accepted  and  was  assumed  to  be  the  temperature  in  the  Committee's 
experiment,  it  would  be  found  that  the  14*6  per  cent,  of  heat 
which  had  not  been  accounted  for  (page  214)  would  be  greatly 
diminished.  That  correction  would  take  away  3  per  cent.,  and  the 
error,  as  he  believed  it  to  be,  of  taking  the  temperatures  so  high  up  in 
the  chimney  would  account  for  9*2  per  cent.,  leaving  therefore  only 

I  per  cent,  unaccounted  for,  which  he  thought  was  a  remarkable 

lit,  and  said  a  great  deal  for  the  care  of  the  experimenters. 

Although  the  quantity  of  steam  required  to  drive  the  fan  for  the 

forced  draught  was  but  a  small  matter,  he  thought  it  was  well  that 

the  fan  was  not  driven  by  steam  from  the  main  boilers.     For  if  the 

object  was  to  Bee  how  the  main  engines  worked,  he  thought  that  any 

irhieh  was  spent  in  producing  the  steam  for  the  main  engines 

1  nothing  to  do  with  the  result,  which  depended  solely  upon  what 

ne  with  th<  i  after  it  had  been  produced;  and  theref 

the  :<   alt  was  better  as  itwi  i  in  the  report. 

riment  made  upon  Mr.  Willans'  engine  he  understood  an 

.  bad  been  obtained;  and  if  the  efficiency  in 

lated  in  the  same  way,  it  would  have  been 

raised  from  69*2  per  cent  to  about  72  per  cent.    The  present  was 

the  best  marin  pie  that  had  yet  been  reported  in  these  trials; 

ships  the  engine  efficiency  had  ranged  from  62  to 

'7  at     It  was  now  op  to  72  per  cent.;  and  the  engineers 
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who  would  make  up  the  further  10  per  cent,  to  overtake  Mr.  TVillans' 
figures  would  be  doing  good  service  to  steamship  owners. 

"With  regard  to  the  funnel  damper  being  never  more  than  one- 
sixth  open,  he  agreed  in  thinking  that  if  the  damper  were  opened 
wider  the  fan  would  perhaps  not  be  necessary.  Having  asked  Mr. 
Fothergill  about  this,  he  understood  that  his  object  in  shutting  the 
damper  was  to  keep  the  gases  as  long  as  possible  in  contact  with  the 
heating  surface.  That  was  an  explanation  which  he  had  frequently 
heard,  but  he  had  never  been  able  to  understand  it ;  and  he  should  be 
glad  if  it  could  be  made  clear  how  it  was  that  shutting  the  damper 
kept  the  gases  longer  in  contact  with  the  heating  surface.  It  appeared 
to  him  that  the  time  during  which  the  gases  could  be  kept  in 
contact  with  the  heating  surface  must  on  an  average  be  just  exactly 
the  time  which  was  required  for  the  fire  to  produce  the  quantity  of 
gases  which  would  fill  the  space  between  the  incandescent  fuel  and 
the  damper.  If  so,  what  would  the  closing  of  the  damper  do  ?  It 
increased  the  density,  and  to  that  extent  no  doubt  it  prolonged  the 
time ;  but  the  prolongation  must  be  extremely  minute.  Taking  the 
higher  ashpit  pressure  of  0*32  inch  of  water,  measured  in  the 
chief  engineer's  trial  (page  21G),  this  trifling  increase  upon  the 
atmospheric  pressure,  which  was  34  feet  or  408  inches  column  of 
water,  represented  only  l-l,200th  part  of  the  time,  and  was  equivalent 
to  compressing  three  seconds  more  into  every  hour.  As  the  ship's 
speed  was  only  eight  knots,  it  seemed  to  him  that,  if  the  fan  were 
done  away  with  and  those  three  seconds  per  hour  were  added  on  at 
the  end  of  the  voyage,  it  would  make  but  little  difference  in  the  time 
of  the  vessel's  arrival  at  her  destination.  The  idea  of  retardation  by 
closing  the  damper  he  thought  might  probably  be  due  to  a  philological 
confusion  with  the  retarders  used  in  Mr.  Ilowden's  highly  successful 
piano*'  draught    Here  the  damper  was  merely  retarding  the 

and  only  to  the  minute  extent  just  mentioned  ;   whereas  in  Mr. 
Eowden'fl  plan  it  Will  DOt  the  that  were  retarded,  but  the  In  ftt 

Tin-  latter  plan  WM  equivalent  to  securing  a  lai\Lre  increase  I  1"  heating 
sui  i  of  the  heating  >uriace  in  the  fcul  l.y 

motion  al  regarded    tin  :  that  is,  the   heat  \ 

imparted    to   it   by  tot    with    tl.'  .      The   fcul  aleo 

2  o  J 


MAUIXE-KXGIXE  TRIALS.  APRIL   1801. 

(Mr.  J.  Ifacfarlaiu  Gray.) 

receiving  heat  by  radiation  from  the  smoke  or  the  solid  matter  that 
was  in  the  gases.  In  Mr.  Howden's  plan  the  retarders  were  pieces 
of  metal,  which  were  inserted  into  the  tubes  and  took  the  heat  out  of 
the  gases  :  they  not  merely  exposed  an  increased  extent  of  surface  to 

.tact  with  the  gases,  and  received  the  heat  from  them,  but  they 
were  also  heated  a  great  deal  hotter  than  the  surface  of  the  tubes, 
because  the  tubes  had  water  on  the  other  side,  and  the  retarders  or 

ther  radiators  had  none;  they  picked  up  the  heat,  and  then  threw 
it    out   by   radiation   to   the  tubes.      It  appeared   to   him  that  the 

i  ption  of  heat  by  the  heating  surface  of  the  tubes  was  thus  carried 
on  in  these  two  ways  simultaneously ;  one  did  not  interfere  with  the 
other.  If  the  tubes  were  receiving  heat  only  by  conduction  from 
the   gases,    there   was   a   certain   limit    to    the   rate   at    which   the 

iporation  could  go  on;  but  if  at  the  same  time  heat  were  also 
pmired  upon  them  by  radiation,  they  would  take  up  the  latter  too, 

I  it  would  not  interfere  with  that  received  by  conduction;  the 
tubes  would  take  up  both,  and  they  thus  got  their  heating  surface 
virtually  increased  in  value.  In  reality  therefore  the  retarders 
which  were  put  into  the  tubes,  and  which  he  understood  answered 
well,    were    equivalent  to  additional    heating  surface ;    and  if   they 

ame  burnt  away  it  did  not  matter,  for  these  radiators  did  not 
ire  to  be  water-tight. 

Mr.  JOHH  (i.  Maie-EumleTj  Member  of  Council,  was  sure  all  the 

would   feel   equally   indebted   with  himself   to   Professor 

onedy  for  so  kindly  giving  them  tbc  advantage,  no!  only  of  hi- 

regard  to   the  conduct   of  these  trials,  but  also  of  his 

.  ■   b  Ltion  in  carrying  them  out.    So  careful  an  experimenter 

as  •    have  had   good    reason    for  omitting   the  small 

pointed  out  by  Mr.  MmM.  OJ  lie  would  have  takes  notice 

•   'in  in  the  Dana]  course.    There  could  be  no  doubt  that  the 
of  the  ••lona''  were  unusually  large  for  their 
ai  I  he  thought  i:  good  thing  that  they  were,  becai 

th:  .uient  m  [uence  one  el' the  most  interesting  that 

Id   be  Cox  comparison  with  such  engines  and  boiler 

In   the   ••.Ah  mparing   these  two   trials,   it    was  of 
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course  necessary  to  separate  the  boiler  from  the  engine.  About  the 
boiler  he  had  nothing  to  say,  except  to  refer  to  the  difference  of 
size,  as  already  pointed  out  by  Mr.  Marshall  (page  237) :  in  the 
"  Iona  "  each  square  foot  of  heating  surface  evaporated  only  2  *  73  lbs. 
of  water  per  hour,  while  in  the  "Meteor"  it  gave  4*49  lbs.,  or 
almost  double.  But  the  most  interesting  matter  was  in  connection 
with  the  engine.  Looking  at  the  combined  diagram  which  Mr.  Mudd 
had  kindly  prepared,  Fig.  26,  Plate  53,  it  would  be  seen  that  the 
range  of  expansion  in  the  "  Iona  "  engine  was  prodigious,  amounting 
apparently  to  no  less  than  nineteen  times.  In  the  "  Meteor," 
with  nearly  the  same  boiler  pressure,  the  total  expansion  was 
only  about  ten  times.  In  order  to  see  what  gain  there  was 
from  the  larger  ratio  of  expansion,  the  back  pressure  in  the  two 
cases  must  be  taken  into  account.  In  the  "  Iona "  the  back 
pressure  in  the  low-pressure  cylinder  was  only  1*84  lbs.  per 
square  inch  above  perfect  vacuum,  showing  that  the  condensing 
apparatus  was  most  efficient ;  in  the  "  Meteor "  it  was  3  ■  3  lbs. 
Had  the  latter  been  the  same  as  in  the  "  Iona,"  namely  1 '  84  lbs., 
the  "Meteor's"  mean  indicated  horse-power  of  1,994  would  have 
been  raised  to  2,088,  and  the  comparison  would  be  254  thermal 
units  per  indicated  horse-power  per  minute  in  the  "  Meteor," 
and  249  in  the  "  Icna,"  or  rather  less  than  2  per  cent,  better  efficiency 
in  the  "  Iona."  This  he  thought  was  a  curious  result.  Here  were 
two  triple-expansion  engines,  both  of  them  carefully  designed  and 
made  as  well  as  they  could  be  made  by  experienced  builders;  with 
about  the  same  boiler-pressure  and  the  same  vacuum,  one  had  nineteen 
expansions,  and  the  other  ten  :  and  vet  the  former  showed  only 
2  per  cent,  higher  efficiency  khan  the  latter.  So  curious  a  result  he 
was  sure  must  cause  everyone  to  feel  much  indebted  to  Mr.  Mudd  for 
Jig  the  opportunity  of  testing  BUch  :i  large  engine  working  at  such 
mall  pow<  r.  as  was  Been  t->  be  the  case  on  comparing  the  weight  of 
tli<-  machinery  and  the  ]>■  m 1 1  developed  ;  for  the  "  Iona's  "  machinery 
in  working  order  gave  only  2*88  indicated  horse-power  per  ton,  while 
that  of  the  "Meteor"  gave  4*78  horse-power  per  ton,  making 
allowance  for  the  weight  of  shafting,  tunnel  bearings,  and  propeller. 

One  of  tL<  by    Mr.  Mudd  (page  1>.°><>)  why  the  results 
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were    so   good   was   that   the  high-pressure   cylinder   was  so    well 

d.     Cut  on  this  point  he  must  join  issue  ;  for  if  that  cylinder 

had  been  well  jacketed,  the  water  draining  from  the  jacket,  instead  of 

being  only  4  *  3  per  cent,  (page  210),  would  have  reached,  as  Mr.  Halpin 

had  pointed  out  (page 1 218),  from  12  to  16  per  cent,  of  the  total  feed  : 

iu  tact  the  more  the  better.     The  insufficient  jacketing  could  also  be 

;  fi( >m  the  amounts  of  initial  condensation  shown  in  the  table  in 

_  ■  ■  215  of  the  report :  there  it  would  be  observed  that  the  initial 

idensation  was  greater  in  the  low-pressure  cylinder  than  in  the 

high-pressure  ;  whereas  if  the  engine  had  been  well  jacketed  there 

would    have   been   less  condensation   in   the   low-pressure   cylinder 

than  in  the  high-pressure. 

The  question  raised  by  Mr.  Macfarlane  Gray  (page  2G1),  about  the 
closing  of  the  main  damper,  was  a  curious  one.  A  large  amount  of 
fuel  ha  1  been  saved  in  a  mill  that  he  knew  of  by  bricking  up  the 
flue  until  the  opening  into  the  chimney  was  only  about  12  inches 
are.  because  the  draught  had  previously  been  so  much  too  strong. 
In  making  trials  of  pumping  engines,  the  first  thing  done  was  to  close 
the  main  damper  as  far  as  was  compatible  with  getting  sufficient  air 
through.  There  was  no  doubt  that  somehow  or  other  a  much  better 
boild  r  n  suit  could  be  got  by  having  the  main  damper  well  closed. 

ict  that  the  indicator  pipes  were  long  in  the  trial  made  by  the 

chi  aeer  had  been  commented  upon  by  Mr.  Halpin  (page  252). 

Butii     .     upon  the  size  of  the  pipes  that  everything  depended;  and 

be  thought  there  was  no  harm  in  having  a  reasonable  length  of  pipe 

'.  in   diameter.     In  taking  diagrams  from 

a  v.  odei  of  5  or  6  feet  stroke  he  had  used  a  single  indicator 

with  pipes  leading  to  it  from  each  end,  and  a  two-way 

alternately  from  top  and  bottom ;  and  he 

difference  from  diagrams  taken  direct  from  the  cylinder 

big  enough  and  the  bends  easy.    If 

1,  they  certainly  should  not  be  Long.     Before 

merely  on  account  of  their  Length,  he 

thought  it  should  be  borne  in  mind  that  if  they  were  at  the  same  time 

•  sough  in  diameter  there  was  not  the  harm  that  was  generally 

'-<.'!  in  :  them  long. 
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The  importance  of  these  trials  he  thought  might  be  best  judged 
by  the  interest  which  the  members  of  the  Institution  and  also  the 
outside  public  had  taken  in  them.  It  was  a  great  source  of  pleasure 
to  all  the  members  to  know  that  the  Institution  had  originated  such 
trials ;  and  that  many  of  the  members  had  been  anxious  to  do  their 
best  to  assist  in  every  way  in  having  them  properly  carried  out  was 
shown  by  the  list  given  in  page  219  of  the  staff  of  observers. 

Mr.  E.  G.  Constantine  observed  that  in  the  first  trial  the  mean 
boiler-pressure  was  165  lbs.  (page  220),  and  in  the  subsequent 
trial  1C2  lbs.,  or  3  lbs.  less.  The  mean  admission  pressure  in  the 
high-pressure  cylinder  however  was  142 h  lbs.  in  the  first  trial,  or 
22  h  lbs.  less  than  the  boiler  pressure,  while  in  the  second  trial  it  was 
1-17 '8  lbs.,  or  only  14*2  lbs.  less  than  the  boiler  pressure.  He  should 
be  glad  to  know  whether  that  was  attributed  to  the  29°  higher 
temperature  of  the  outer  air  in  the  second  trial  preventing  radiation 
and  condensation.  Then  again  in  the  first  trial  there  was  a  mean 
effective  pressure  of  20  •  44  lbs.  in  the  intermediate  cylinder,  with  a 
mean  effective  pressure  in  the  high-pressure  cylinder  of  46  •  65  lbs. ; 
whereas  in  the  second  trial  the  mean  effective  pressure  was  0  ■  23  lb. 
less  in  the  intermediate  cylinder,  though  it  was  0*68  lb.  higher  in 
the  high-pressure  cylinder.  It  seemed  natural  to  imagine  that  a 
higher  pressure  in  the  first  cylinder  would  mean  a  higher  jwessure 
also  in  the  second.  A  similar  discrepancy  between  the  two  trials 
would  be  Lot  iced  on  comparing  the  intermediate  and  the  low-pressure 
cylinder.  It  would  be  interesting  to  know  whether  the  engines  were 
linked  up  differently  in  the  two  trials,  or  whether  these  differences 
were  owing  to  the  length  of  the  indicator  pipes  in  the  Becond  trial,  and 
what  Wl  :  of  the  pipes  ;  and  also  to  have  B  B<  t  of  diagrams 

from    the  Becond  trial,  for  comparison  with   those  taken  in   the  lirst. 

[So    Pigs.  L9  to  21,  Plate  50,  added  accordingly  from  the  second 

iL]     '1  Lieut  vacuum  in  the  condenser  I  to  him  from 

hi  i  be  rather  abnormal;  and  he  concurred  in  the 

(.pinion  of  Mr.  Ilalpin  (]  2    3)  that  it  would  b,  I  advan;.. 

to    haV(  idea    of    the    quantity   of    circulating    water    passing 

through  the  Condenser,  because  he  noticed   that  iii   the   fint   trial   the 
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temperature  of  the  circulating  water  was  more  than  20°  lower  than 

in  the  second,  while  the  temperature  of  the  discharge  water  had  been 

aed  in  the  second  trial  to  the  extent  of  nearly  4°  less  than  in  the 

tirst :  which  would  appear  to  indicate  that  a  larger  volume  of  water 

must  have  been  passed  through  the  condenser  in  the  second  trial, 

anise  the  vacuum  had  dropped  only  0*12  lb.  below  that  in  the  first. 

Fur   heating    the    feed-water     it   appeared    to    him    a   decided 

advantage  to  utilise  the  hot  water  draining  from  the  steam-jacket 

and   from    the   steam-pipe   and   valve-chest,   if  the   heat   contained 

in     this     water     would     otherwise    be     wasted.       This    explained 

how    in    the     second     trial    it    had     been    practicable    to    get    a 

temperature  so  high  as  157°  in  the  feed-water,  and  yet  to  maintain 

a   vacuum   of  so  much   as   13*76   lbs.  below   the    atmosphere.     It 

med    to   him   matter   of  surprise   that   more  attention   had    not 

generally  paid  in   marine   boilers  to  heating  the  feed-water. 

Why   should   it   not   be   carried    to   a   greater  extent  than  it  was? 

not   necessarily  by  means   of  live   steam;    but  why  could  not  the 

runnel  gases  be  utilised  for  this  purpose  in  the  same  way  that  they 

were  ashore  in  stationary  boilers  ?     As  to  keeping  the  damper  only 

one-sixth    open,    he    could    confirm    Mr.    Mair-lvumley's    remarks 

ige  204)  as  to  the  advantage  of  not  having  the  damper  fully  open, 

because  he  had  come  across  boilers  in  Lancashire  where  there  had 

n   an    intense  draught,  and  when  the  damper  had  been  closed  to 

eh  an  extent  as  to  give  a  fair  draught  better  results  had  ensued 

than    when   boilers   had   a  draught   of  the   same  velocity  with  a 

■Ilex  chimney  and  the  damper  full  open.     It  Mas  a  peculiar  fact 

which  he  could   not  satisfactorily  explain  ;  and  he  should  be  very 

i>\    to    hear   the  explanation   from   those   who    had    had   the    means 

lying  the  matter. 

Like-  other  speakers,  he  thought  the  Members  were  all  greatly 

<  <1  to  the  shipowners  and  superintendents  who  had  placed  their 

li  posal    of  the    Research  Committee,  and   to  the 

i  i         i    :  -  of  the  ■•'     <  I-  for  the  endeavours  they 

had  made  J  ■     ,  and  for  the  highly  valuable 

information  furnished  in  the  reports  and  the  accompanying  tables, 

which  would  well  repay  the  trouble  of  studying  them  carefully. 
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Mr.  L.  Alphonse  Legros,  having  been  one  of  the  observers  in  the 
trial  of  the  "  Iona,"  in  which  he  had  relieved  Mr.  Burstall  at  the  end 
of  the  first  watch,  recollected  being  with  him  at  the  beginning  also ; 
and,  though  he  had  not  observed  the  amount  of  the  supplementary  feedy 
he  had  noticed  that  there  was  some  leakage  from  the  main  feed-pump 
glands  during  the  first  hour  and  a  half,  but  this  had  been  diminished 
by  their  being  screwed  up.  There  was  also  during  the  last  four 
hours  of  the  trial  a  slight  leak  from  the  cock  at  the  bottom  of  the 
measuring  tanks ;  but  he  thought  the  quantity  which  escaped  there 
was  not  more  than  a  few  drops  in  a  minute.  For  the  chance  that 
either  of  the  two  gauge-glasses  on  the  measuring  tanks  might  get 
broken  in  the  trial  (page  253),  there  were  spare  glasses  alongside  ; 
and  he  thought  it  would  not  have  caused  much  disturbance  to  put 
a  new  one  in,  as  there  were  fifteen  minutes  during  which  either  tank 
was  emptying  or  filling. 

The  modified  form  of  the  Thomson  calorimeter  was  now  exhibited 
with  which  he  had  obtained  the  result  mentioned  in  the  report 
(page  205).  The  original  Thomson  calorimeter  had  been  considerably 
altered  by  Messrs.  Donkin  and  Holliday ;  and  their  arrangement  of 
gauze  screens  for  breaking  up  and  absorbing  the  heat  from  the 
products  of  combustion  was  here  replaced  by  a  different  mode  of 
bringing  the  gases  into  contact  with  the  water  in  the  instrument. 
When  Mr.  Wilson  had  prepared  a  sample  of  the  coal  for  analysis,  he 
had  been  kind  enough  to  scud  him  a  specimen,  which  he  put  through 
the  calorimeter  in  two  portions  ;  the  calorific  value  obtained  from  the 
first  portion  was  14,870  thermal  units,  and  from  the  second  14,910, 
the  two  results  thus  coming  very  close  together.  These  determinations 
had  been  arrived  at  before  the  result  was  known  of  the  chemical 
analysis  of  the  coal.  Another  test  of  the  same  coal,  made  yesterday, 
1 1,950  thermal  units.  But  there  had  been  a  difficulty  in 
calibrating  the  instrument,  Be  he  had  not  known  what  was  the 

best   materia]   to   ose  as  the  standard.    Some  chemists  oonsiden  1 
carbon    obtained    from    sugar    was    the    best  to  use,  and    othi 

(mmended  other   forms  of  carbon.    If  the  carbon  used  m 
pure  as  thai   on   which   the  calculation  from  analysis  was  baood, 
the  instrument   he   was  confident   would  always  gfa  ilt  within 
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^  per  cent,  of  that  arrived  at  by  analysis.     The  coal  put  into  the 
calorimeter  contained  the  moisture  mentioned   in  the  analysis,  the 

.pie   not   having   been  dried   before  testing;    therefore  the  heat 
sured  in  the  instrument  would  be  the  total  heat  that  would  be 

hred  by  burning  the  coal  as  used  in  the  boiler  furnace,  and  a 
correction  would  be  required  for  the  heat  lost  in  evaporating  the 
moisture.  The  calorimeter  consisted  of  two  glass  jars  A  and  B, 
one  inside  the  other,  as  shown  in  Fig.  37,  Plate  59  ;  the  inner  A 
contained  the  water  in  which  the  cage  C  enclosing  the  coal  was 
immersed,   Fig.    39 ;   and   the    outer    jar   B   formed   an   air-jacket 

rounding  the  inner,  the  air  being  confined  between  the  two  by 
an  india-rubber  ring  at  top  and  bottom.  The  weight  of  water 
put  into  the  inner  jar  was  2  kilograms  or  4  h  lbs.  The  weight 
of  water  equivalent  to  the  metal  and  glass  subject  to  change  of 
temperature,  taking  into  account  the  specific  heats  of  the  different 
materials,  was  added  on  to  this,  thus  making  the  total  weight  on 
which  the  final  calculation  was  based  about  5  per  cent,  more  than 
the  weight  of  water  contained  in  the  apparatus.  The  coal  charge 
of  about  two  grammes  or  30  grains  was  put  in  a  platinum 
crucible  U,  hung  in  a  platinum  frame,  and  placed  in  the  cage  C. 
.soon  as  the  charge  had  been  ignited  with  a  small  fuse,  a 
gill  diving  bell  L  was  put  down  close  over  it ;  and  by  supplying 
the  bell  through  a  tube  T  with  oxygen  under  a  slight  pressure 
the  combustion  could  be  conducted  actually  inside  the  surrounding 
water  in  the  jar  A,  while  it  could  be  watched  and  regulated  from 
outride.  The  products  of  combustion  passed  down  through 
a    coil    of    four    small   copper    pipes   P    underneath    the    cage   C, 

DO    which    they    escaped    into    the    water    through    four    small 

i  ]•   nozzles   N,   Figs.    38    to   40 ;    tho    heat   was    thus 

absorbed  by  the  water  from  the  gas  bubbled  passing  up  through 

which    kept    it    in    circulation,    so    that    it    was    all    raised    to    a 
.1  temperature  throughout    After  the  combustion  tho 

1    hot;    then    by   diminishing  the   pressure    in    tho 

could  be  let  into  the  bell  to  cool  down 
r  which  the  water  thus  heated  was  driven  out  of 

il    and   mixed   up   with    the  bulk  of  the   water   in    the   jar   by 
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blowing  a  little  more  oxygen  through :  so  that  there  was  no  loss 
of  heat  left  behind  in  the  interior  of  the  calorimeter.  Although  it 
would  take  a  long  time  for  any  heat  to  radiate  outwards  through  the 
air-jacket,  yet  in  order  to  obtain  the  result  with  the  greatest  accuracy, 
it  was  necessary  to  take  simultaneous  observations  of  the  temperature 
of  the  water  in  the  instrument  and  of  the  room.  The  time  was 
noted  that  the  experiment  lasted,  which  was  generally  from  ten  to 
fifteen  minutes ;  and  the  difference  being  known  between  the 
temperatures,  both  of  the  room  and  of  the  water  contained  in  the 
instrument,  at  the  beginning  and  at  the  end,  it  could  be  found  how 
much  greater  the  radiation  had  been  outwards  to  the  room  than 
inwards  from  the  room,  provided  that  the  rate  of  radiation  for  a 
given  difference  of  temperature  was  known.  By  leaving  the 
instrument  exposed  in  the  room  at  a  known  difference  of  temperature 
fur  a  considerable  time,  a  factor  representing  this  correction  for 
radiation  could  be  obtained.  In  ordinary  working  it  was  convenient 
to  take  about  30  grains  of  coal,  because  a  charge  of  this  weight  would 
produce  about  8°  C.  or  14°  F.  rise  of  temperature  in  the  water. 
Then  if  the  water  were  about  7°  F.  below  the  temperature  of  the 
room  at  starting,  and  about  7°  above  at  the  end  of  the  test,  the 
correction  for  radiation  was  extremely  small.  In  his  first  experiment 
he  had  observed  a  rise  of  15°  F. ;  and  the  radiation  correction 
amounted  to  only  0*07°  F.  Then  again,  as  not  quite  all  the  heat 
bed  by  the  water,  there  was  an  empirical  correction  to 
apply;  and  this  he  had  arrived  at  in  the  best  way  that  he  could 
think  of,  by  trying  the  instrument  with  Xixon's  Navigation  coal,  of 
which  he  knew  the  analysis.  The  empirical  correction  thus  arrived  at 
:  an  addition  of  0*3  per  cent,  to  the  result  obtained  by  the 
ion  of  temperature  after  it  had  been  corrected  for  radiation. 

Mr.  Chablss  J.  WlLSOH  said  it  was  only  at  the  hist  moment  before 
th<     ■  •  !  trial    that    the    idea   bad   occurred   of  endeavouring  to 

the  priming.     T  wub  not  originally 

intended   for  that   purpose,  and  was   not  alto  Buitable;   and 

hence   it   ;  down.      Priming    ha   thought   must   always  bo  a 

qu<  f  quantity;  for  ho  could  not  n    it    was  posaiblfl  to 
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have  a  boiler  so  constructed  that  absolutely  uo  priming  should  take 
place,  that  is,  that  no  particles  of  water  should  be  carried  over  by 
the  steam  in  a  liquid  instead  of  in  a  gaseous  form.  The  amount  of 
priming  in  the  "  Iona"  trial  was  no  doubt  exceedingly  small. 

For  determining  the  calorific  value  of  coal,  the  most  accurate 
method  known  to  science  at  the  present  time  was  by  means  of  the 
calorimeter  devised  long  ago  by  Favre  and  Silbermann,  and  since 
modified  and  made  suitable  for  use  with  ordinary  coal  by  Scheurer- 
ELestner.  Next  to  a  determination  by  the  Favre  and  Silbermann 
instrument,  the  best  way  of  arriving  at  the  calorific  value  of  coal  was 
undoubtedly  by  calculation  from  a  properly  made  chemical  analysis 
of  the  coal.  The  latter  was  the  method  followed  in  the  present  as 
in  the  previous  trials.  Comparison  of  the  results  obtained  by  means 
■  Favre  and  Silbermann  calorimeter  with  the  heat  value  calculated 
from  the  analysis  showed  that  the  two  methods  gave  fairly 
concordant  results.      The    calculation  was   made  on   the  obviously 

tilled  assumption  that  the  water  contained  in  the  coal  was 
evaporated  as  steam ;  and  that  the  hydrogen  contained  in  the  coal, 
after  having  undergone  combustion  into  water,  was  also  carried 
away  in  the  form  of  steam. 

With  regard  to  the  height  at  which  the  temperature  of  the  funnel 

-  had  been  taken,  it  must  be  remembered  that  on  board  ship  it 

was  Qot  always  practicable  to  put  the  thermometer  and  the  collecting 

tube  exactly  where  it  would  be  preferred  ;  but  they  had  to  be  placed 

where  it  was  found  possible  to  put  them;   and  in  the  "  Iona  "  trial 

practical   reasons  why  the   temperature  had  not  been 

red  quite   BO  low  down  as  might  be  wished.      The  greater  the 

m  the  point  of  combustion,  the  lower  would  obviously  be 

the  rature   of    the    gases;     and    in    this    particular    trial    the 

funnel  gases  was  taken  after  they  had  perhaps 

ount  of  heat  by  radiation.      This   however  did   QOt 
afl«  tion   of  th<  in   the  least;  and  as  the  analv 

the  t  tion  that  went  on  during  the  trial  could  not  well 

mount  of  carbonic  add  was  oniforxn  in  all 

Simples,  and   was    hi<_'h  ;    while    the   combustion  was    eai  i  i«  <1   out 

in  such  a  way  that  not  any  carbonic  oxide  was  found  to  be  escaping. 
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In  this  trial  he  had  deviated  from  the  method  employed  in  the  previous 
trials,  inasmuch  as  the  gas  samples  had  here  been  taken  for  the  most 
part  continuously,  instead  of  at  intervals,  in  deference  to  a  wish 
expressed  in  the  discussion  of  the  previous  trials,  though  he  did  not 
himself  attach  any  great  importance  to  the  change.  In  the  former 
trials,  the  tube  used  for  conducting  the  gases  out  of  the  chimney  was 
so  large  in  capacity,  and  the  vessel  in  which  the  samples  were  taken 
was  so  small,  that  it  was  a  matter  of  no  consequence  whether  the 
samples  were  drawn  off  rapidly  or  slowly,  because  the  sample  taken 
would  represent  only  the  contents  of  the  tube  for  the  time  being. 
In  the  "  Iona "  trial  however  an  exceedingly  small  tube  had  been 
used,  through  which  the  gas  had  been  drawn  off  so  slowly  that  the 
-ample  taken  did  really  represent  gas  drawn  from  the  chimney 
during  the  lengthened  periods  recorded  in  Table  9  (page  209). 

Mr.  Edward  B.  Marten,  Member  of  Council,  though  having 
nothing  to  do  with  marine  boilers,  had  often  listened  with  great 
interest  to  what  had  been  said  by  marine  engineers  about  what  duty 
could  be  done  by  such  boilers,  and  had  been  led  to  fancy  that  there 
must  be  a  great  deal  of  exaggeration.  The  Institution  therefore  he 
thought  was  greatly  to  be  congratulated  on  having  such  a  careful  test 

the  present  for  showing  exactly  what  the  actual  duty  was.  It 
was  also  highly  gratifying  to  see  how  much  the  results  of  the  earlier 
trials  had  been  continued  by  those  of  the  later  ;  and  it  was  interesting 
to  learn  from  the  appendix  to  the  report  (page  219)  how  many  of  the 
members  of  the  Institution  had  lent  their  ;iid  lor  carrying  out  the 
experiments  so  thoroughly,  which  without  their  help  could  not  have 

:i  done  with  the  same  amount  of  care.  No  doubt  Professor 
Kt  onedy  had   obtained   a  good  duty  out   of  thi  -  :  but  the 

InstitutioD  he  thought  had  got  a  better  duty  still  out  of  Pi 
K«  onedy,  who  had  himself  worked  bo  bard  a:  this  subject,  and  had  in 

'.:  all  the  calculations  and  results  into  the  lit 
light  of  criticism  in   the  discussions   upon   these    reports;      !>*  ing 
hii.  much  interested  in  boiler  .lly.hr  heartily  concurred 

in  Mr.  Willar.  mark,  which  was   bo  much  to  the  point: 

namely  that  it  would  he  Utter  to  make  the  boilers  much  larger  and 
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work  them  slowly,  and  to  work  the  engines  as  fast  as  they  could  be 
driven.  With  land  boilers  he  believed  it  had  generally  been  found 
to  be  the  ease  that  the  slower  they  could  be  worked,  within 
reasonable  limits,  the  better  was  the  efficiency  obtained.  This 
however  he  had  thought  to  be  utterly  inadmissible  with  marine 
boilers,  on  account  of  not  being  able  to  get  space  enough  ;  yet  in  the 
course  of  the  present  criticisms  only  one  speaker  (page  258)  appeared 
to  have  alluded  to  such  an  objection.  So  far  as  had  at  present  been 
learnt,  there  seemed  to  be  no  complaint  on  the  part  of  the  owners  of 
the  vessel  that  the  boilers  were  so  large ;  and  he  presumed  therefore 
that  in  other  vessels  afloat  the  present  boilers  might  even  be  replaced 
by  larger,  and  their  efficiency  be  thereby  increased. 

Mr.   John  R.  Fotheegill,  referring  to    the    large   size   of  the 

boilers  in  the  "  Iona,"  pointed  out  that  the  ship  was  what  was  called 

an  extended  or  long-bridge   well-decked   cargo   vessel;   and   when 

completely  filled  with  ordinary  cargo,  such  as  coals,  she  was  not 

down  to  her  loading-line   draught,  and  therefore   could  not  carry 

more  cargo,  even  if  the  boilers  were  only  half  the  weight.     With 

a  dead-weight  cargo,  such  as  iron,  the  result  would  of  course  be 

event ;    but   dead-weight   cargoes  were   the   exception  with   the 

•  I     ;i."'      Under   the   ordinary  measurement   rules,  the   machinery 

required  to  be  32  per  cent,  of  the  whole  ;  thus  no  space 

would  be   saved   for  cargo  by  smaller  boilers.      To  any  objection 

ur^>  1  against  the  size  of  the  boilers  and  the  engines  the  answer  lay 

iltfl  obtained,    which  he  thought  would  bo   admitted  to 

pass  any  that  had  hitherto  been   placed  before   the   Institution. 

►  of  the  steamer  when  fully  loaded  was  usually 

l  she  maintained  an  average  speed  of  8J  to  9  knots  on 

•89  to  1*4.1  lbs.  per  indicated  horse-power  per 

:.      [1  '  I  :n   mind  that  this  speed   was  nut  over  a 

only,  but  was  the  average  speed  obtained  by  dividing 

•  •  I  rhole  of  the  hours  steaming.    That  was  a 

different  thing  from  running  a  ship  with  900  or  L,000  horse-power 

l  mile.    Tlie  true  sp  i  -1  of  a  ship 
peed  over  the  whole  voyage  ;  and  taking 
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into  account  the  three  factors — speed,  tonnage,  and  coal  consumption 
— he  doubted  whether  there  could  be  found  any  steamers  of  the  same 
class  doing  better  work  or  even  equal  to  that  performed  by  the 
"  Iona."  There  had  not  been  the  means  of  testing  the  efficiency  of 
the  boilers  under  natural  draught  in  comparison  with  forced  draught, 
because  they  had  been  arranged  entirely  for  forced  draught,  and 
being  so  fitted  could  not  be  altered  to  work  with  natural  draught  for 
the  purpose  of  a  trial.  If  the  boilers  had  not  been  designed  for 
forced  draught,  it  would  have  been  necessary  to  have  three  furnaces 
in  each  boiler,  in  order  to  obtain  the  grate  area  required  for  the 
ordinary  conditions  of  natural  draught.  Fifteen  other  steamers  were 
running,  so  fitted  for  forced  draught,  several  of  them  being  old 
boats  that  had  been  altered  ;  and  the  results  had  been  so  satisfactory 
that  he  had  gone  on  altering.  The  advantage  of  closing  the  damper 
to  such  an  extent  appeared  to  him  to  be  twofold.  The  slight 
compression  thereby  produced  was  sufficient  to  have  the  effect  of 
bottling  up  the  gases  and  bringing  them  into  closer  contact  with 
every  portion  of  the  heating  surface ;  and  at  the  same  time  of 
promoting  a  better  union  of  the  gases  themselves,  and  a  more 
complete  combustion.  The  analysis  of  the  funnel  gases  showed  more 
complete  combustion  than  in  the  other  trials  previously  made ;  and 
it  was  a  fact  that  if  the  damper  was  opened  full  the  steam  could  not 
be  maintained  the  same  as  when  it  was  partially  closed.  If  the 
funnel  damper  had  been  set  wide  open,  the  small  volume  of  gas 
produced  by  the  small  quantity  of  coal  consumed  would  under  the 
funnel  draught  have  passed  through  only  a  portion  of  the  tabes,  and 
would   not  have  come  in  contact  with  the   whole   of    the  heathi"- 

o 

surface  of  the  combustion  chamber;  and  thus  a  large  portion  of  the 

it  of  the       i     would  have  been  lost,  because  gases  did  not  ,*,rive  up 

heat  by  radiation,  but  by  conduction.     With    forced  draught  the 

of  the  damper  all  but  one-sixth  was  a  different  thing  tV 

the  •  of  closing  with  natural  draught,  because  in  the  latter 

would  not  h  drav  ■'.  I  i  cough  to  keep  the  steam  up.   T!<> 

dd  bav.      1 1  :  considerable  difficulty  in   putting  the  pyronu 

down  at  the  smoke-box ;  for  taking  the  observations  in  that  position 

it  would  DATS  been  nee  —.try  to  rig  up  special  .      But  lie  had 
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no  doubt  that  the  temperature  of  672°,  noted  in  the  subsequent  trial 
made  by  Mr.  Brown,  might  be  taken  as  about  the  temperature  of  the 
M  -  leaving  the  tubes.  Even  in  the  smoke-box  the  temperature 
was  probably  different  at  the  top  tubes  and  at  the  bottom  tubes  ;  and 
it  might  be  difficult  to  get  the  true  mean  temperature  of  the  gases, 
unless  it  were  measured  at  some  distance  beyond  the  smoke-box ; 
d  then  allowance  would  have  to  be  made  for  radiation,  which  he 
did  the  means  of  arriving  at. 

By  lengthening  the  grate-bars  to  5  or  5 J  feet  (page  254),  800  to 

900   horse-power  could  be  maintained  without  difficulty.     But  this 

was  not  wanted  ;  the  boat  was  running  economically  in  regard  both 

to  coal  consumption  and  to  speed;  the  owners  were  satisfied,  and 

1  no  more.     If  it  was  wanted  to  run  at  a  higher  speed  on  any 

ticular   voyage,  it  could  be  done.     As  to  the  funnel  being  too 

large,  there  was  no  back-door  at  sea  ;  and  suppose  the  fan  were  to 

down,  the  large  funnel  would  allow  of  opening  all  the  ashpit 

and  opening  the  damper  wide,  and  running  with  the  natural 

draught,  without  much   reduction  in  speed.     On  that  account  the 

nel   of  6   ft.  3   ins.  diameter  had  been  preferred  to  one  of  only 

-      th  the  area,  or  say  2  ft.  6  ins.  diameter.     In  the  first  steamer 

rhich  he  had  applied  forced  draught,  now  about  six  years  ago,  the 

had  all  been  admitted  at  the  front    of    the  furnace,  above  the 

-  well  as  below.     But  subsequent  experience  had  led  him 

•    that  better  results  could  be  obtained  by  not  supplying  air 

at  the  :  front  above  the  fire-bars.     If  air  under  pressure  was 

plied  there  through  straight  holes  in  the  bailies,  it  passed  along  the 

i   owns,  chilling  them ;  and  to  prevent  this  with  a  short  fire- 

ary  to  converge  the  air  more  or  Less  to  a  locus  on  the 

ith  the  production  of  intense  local  heat  which  was  dangerous  in 

B  t  when  the  air  entering  al  the  front  of  the  furnace  was 

tted  below  t!  only,  the  whole  advantage  was  obtained  of 

from  the  fire,  which  was  taken  up  by  Hie  furnace 

The  carbonic  oxide  aft  ing  over  the  fire-bridge  was 

thrown  down  I  eflector  plate  to  the  bottom  of  the  combustion 

which  a  farther  supply  of  air  was  now  admitted  at  the 

..    and  on  looking  in  through  the  sight-hole  under  the  bridge  tbo 
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flames  could  be  seen  almost  touching  the  bottom  of  the  chamber. 
As  shown  by  the  water-gauge  readings  given  in  the  report,  the  air 
going  in  at  the  back  was  at  a  higher  pressure  than  that  entering  the 
ashpit,  in  consequence  of  the  back  admission  being  so  much  nearer  to 
the  fan.  The  entering  air  was  broken  up  into  jets  or  streams, 
which  penetrated  the  gases,  and  acted  as  a  sort  of  air  poker  to 
stir  them  well  up,  so  that  there  was  a  thorough  intermingling  and 
complete  combustion.  The  arrangement  was  like  an  argand  burner, 
and  there  was  no  chilling  effect.  The  deflector  plate  he  considered 
was  of  great  value.  The  gases  were  thereby  thrown  down  to  the 
bottom  of  the  combustion  chamber,  and  filled  the  whole  chamber 
completely  before  they  passed  thence  into  the  tubes  ;  and  the  damper 
being  nearly  closed,  the  full  benefit  was  gained  of  every  inch  of 
heating  surface.  The  length  of  the  fire-bars  depended  largely  upon 
the  trade  in  which  the  ship  might  be  engaged.  The  usual  voyages 
of  the  "  Iona  "  were  to  India,  and  those  who  had  to  do  with  steamers 
making  Indian  voyages  knew  well  enough  that  they  could  not  always 
choose  their  coals  when  they  got  to  the  other  side  of  the  Suez  Canal, 
but  they  had  to  take  what  they  could  get  and  be  thankful ;  hence 
they  could  not  run  their  steamers  with  as  small  a  grate  as  they 
could  if  they  knew  that  they  could  always  get  coals  of  good 
quality.  Steamers  constantly  employed  in  the  home  trade  witli 
coals  obtained  at  home  could  run  witli  the  greatest  ease  with  a  fire- 
grate only  2  ft.  6  ins.  long ;  one  of  the  boats  under  his  own  eliarge 
was  running  with  a  grate  of  only  that  length.  As  to  the  life  of  the 
fire-ban  when  forced  draught  was  employed  (page  259),  the  bars  he 
was  using  were  deep  and  narrow,  and  some  had  been  at  work 
two  without  renewal.     There  was  no  difficulty  with  them,  and 

lie  had   never  yet  had  a  set  burnt  down.     In   his   early 
with  forced  draught  he  had  had  much  difficulty  in  obtaining  a  fan 
and  engine  to  do  the  work  on  board  ship,  and  had  tried  friction  g< 
ropes,  and  belts,  but  all  to  no  purpose.    The  Chandler  engine  and 

fan  however  lie  had  found  a  most  Successful  combination.      In  another 
DOal  he  had  one  of  tl.<  I    fan-   of    the   SSJ 

in  the  u  Iona,"  and  it  was   runnii  tantly  at    500   revolutions 

minute    for    thirty  day-   continuously   in    the   Indian    trade,    and   had 

•J    i. 
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done  so  for  *..  .ly  three  years  with  perfect  satisfaction.  He  saw  no 
objection  whatever  (page  215)  to  the  closed-in  engine ;  in  fact  he 
Died  nothing  else  at  present,  and  he  had  some  fourteen  in  use.  In 
the  furnace  he  used  a  side  fire-bar,  which  was  packed  with  asbestos 
•  make  an  air-tight  joint  between  the  furnace  side  and  the  side 
bar  (page  -i">),  thereby  preventing  any  supply  of  air  to  the  fire  in 
contact  with  the  furnace,  and  thus  reducing  the  intense  heat  at  that 
part  :  this  he  had  done  for  some  time  with  beneficial  results. 

The  mean  indicated  horse-powers  given  in  Table  12  (page  227),  he 

iied  it  to  be  clearly  understood,  were  not  trial- trip  horse-powers, 

but   were    the    mean    powers    developed   over    the   whole   of    the 

i  ective  voyages.     Too  frequently  ships  were  spoken  of  as  going 

10  knots  and  burning  a  remarkably  small  quantity  of  coal.     As  a 

matter  of  fact  he  had  never  been  fortunate  enough  to  meet  with  any 

of  those  extraordinary  boats.     It  was  true  that  his  own  boats  would 

do  their  10  knots  in  fine  weather  ;  one  carrying  about  4,300  tons,  and 

running    down    the    channel    in    fine    weather,   did    her    10    knots 

without  question ;  but  taking  her  through  her  Indian  voyages  during 

t   years,  and  dividing  the  whole  distance  by  the  steaming  time, 

the  mean  speed  was  8^  knots.     What  therefore  was  the  use  of  calling 

B   10-knot  ship  ?     And   the  same  with  the  horse-power.     The 

final  column  in  Table  12,  giving  the  coal  consunrption  per  indicated 

hone-power    per    hour    after    10    per    cent,    had    been    deducted 

from   the  pr    ortion  of  coal  received  abroad,  showed  a  remarkably 

■  ment  in  the  results  of  the  four  voyages  of  the  "  Iona  "  ;  and 

the  el  with  which  they  also  corresponded  with  the  result  of 

onstitnted  in  his  opinion  one  proof  of  the  great  value  of 

trials. 

Mr. Thomas  Mudd  said  that, while  the  boilers  of  the  "Iona" 

Me  of  giving   considerably  more  power  if"  it  had  been 

of  the  trial  had  been  to  make  it  jnsl  as  the 

the  habit  of  being  worked  at  sea;  and  all  who 

1  with  cargo  boats  knew  well  thai  it  was  the  custom  to 

itliin  their  power,  and  how  important  was  a  large 

which  could   be   need  at  any  tune  when  it  was 
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desired  either  to  run  quickly  for  several  hours  to  catch  a  tide,  or  to 
make  a  specially  quick  voyage  with  an  exceptional  cargo.  If  the 
trial  had  been  intended  to  show  what  power  could  be  got  out  of  the 
machinery,  it  would  have  been  quite  a  different  thing ;  but  the 
object  was  to  see  what  the  economy  was  under  ordinary  working 
conditions. 

In  reply  to  Mr.  Willans'  enquiry  (page  243)  whether  a  trial  had 
been  made  without  the  steam-jacket  in  operation,  so  as  to  compare  it 
with  the  trial  made  with  the  jacket  in  operation,  no  such  trial 
without  the  jacket  had  been  made.  The  jacketing  of  the  engine  was 
of  a  peculiar  kind,  especially  from  the  fact  that  the  high-pressure 
cylinder  was  in  the  middle  between  the  other  two,  Plates  55  and  56. 
There  were  three  walls  of  metal  surrounding  the  high-pressure 
cylinder :  the  space  between  the  innermost  and  the  second  was  the 
jacket,  and  the  space  between  the  second  and  the  outermost  formed 
the  receiver  capacity.  It  was  therefore  obvious  that,  if  the  high- 
pressure  steam  were  shut  off  from  the  jacket,  it  would  be  far  better 
never  to  have  had  the  high-pressure  cylinder  in  that  position  at 
all,  because  it  would  still  be  surrounded  by  the  outer  jacket  of 
Low-pressure  steam  in  the  receiver,  and  naturally  there  would  be  a 
large  transference  of  heat  from  the  high-ju'essure  cylinder  into  that 
receiver.  The  result  therefore  of  any  trial  without  the  steam-jacket 
in  operation  he  thought  would  not  be  of  any  real  service  for 
determining  the  value  of  the  jacket  by  itself. 

A-  to  the  difference  between  the  supplementary  feed  plotted  in 
Pig,  24,  Plate  52,  and  that  measured  in  the  Committee's  trial,  the 
former  was  the  result  <>t'  a  trial  previously  made  by  the  chief 
engineer  over  a  period  of  nine  days  ;  and  it  proved  thai  the  same  set 
of  machinery  did  not  require  so  large  a  supplementary  feed  a-  that 
shown  in  the  Committee's  triaL  Tn  the  latter  it  \\a^  agreed  that  some 
leakage  had  be  d  noticed,  bul  had  nol  been  measured;  and  therefore 
how  much  ould  leak  through  in  sixteen  hours  was  a  poini  on 

which  opinions  might  easily  differ.  During  the  first  hour  and  a  half 
it  \  trded  that  there  was  a  considerable  leakage  at  the  feed- 

pump glands,  and  thai  away.     Curiously 

enough  howw  .own  by  the  diagram  of  the  supplementary  t 

•2    D   9 
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in  Fig.  22,  1  lite  51,  it  happened  that  during  the  first  hour  and  a  half 
of  the  trial  Bcaroely  any  sui>plenientary  feed  at  all  was  put  into  the 
boiler,  the  line  heing  there  horizontal.  A  little  was  put  in  three 
quarters  of  an  hour  after  the  trial  began;  and  then  no  more  was 
put  in  until  another  hour  had  passed :  so  that  it  was  an  hour  and 
three  quarters  before  the  supplementary  feed  began  to  be  put  in 
with  any  regularity.  It  would  be  observed  from  the  diagram  that 
the  line  continued  pretty  regular  for  a  considerable  number  of  hours, 
and  then  there  was  a  little  cessation  because  the  feed  was  going  in  too 
:  the  boiler  water-line  rose  about  1J  inch  in  the  gauge-glass, 
therefore  loss  supplementary  feed  was  jrat  in:  after  which  it  again 
continued  to  go  in  at  about  the  same  rate  as  before.  Everything 
connected  with  the  supplementary  feed  therefore  went  to  show  that 
there  was  some  leak  fairly  continuous  :  by  which  he  did  not  wish 
to  imply  that  he  was  not  satisfied  with  the  results  of  the  trial,  but 
he  was  simply  trying  to  show  that  in  this  respect  they  were  rather 
ter  than  they  looked,  and  that  in  regular  working  the  engine  never 
required  anything  like  G  per  cent,  of  supplementary  feed. 

In  reply  to  Mr.  Phillips'  enquiry  in  this  connection  (page  257), 

the  supplementary  feed  in  this  case  was  saltwater  drawn  from  the 

discharge    of    the    circulating   pump,    and    after    being    separately 

measured    was    allowed    to    be    sucked    into    the   condenser   by   the 

cuum,  thus  becoming  mixed  with  the  general  hot-well  water,  and 

sored  with  it  in  the  big  measuring  tanks  before  reaching  the 

l-pumps.     It  t!  got  no  heat  from  the  donkey  boiler. 

With  regard  to  wire-drawing  (page  255),  the  general  opinion  at 

had  arrived  was  that  there  was  economy,  to  some  small 

amount  at  all  .  in   wire-drawing  between  the  boiler  and   the 

In  the  trial  it  would  be  observed  thai   there  bad   been  a 

drain   from   t  im-pipe   and   another   from    the    high-pressure 

?a]  d  that  both  together  gave  only  a  small  quantity  of 

,  much  le-s  than  the  quantity  deducedtfrom  3Ir.  Wilson's  one 

q1  :   the  Latter  accordingly  showed  that  there  was 

r  in  th<     team  than  was  coming  Tout  of  the  drain-cocks. 

All  tl.  bow  that  tl,<  r<  irate  a  kind  ofjpriming  which  mighl 

ire  mixed  entirely  throughout  the  steam  like  a 
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fog ;  and  whether  the  economy  observed  on  closing  the  stop-valves 
resulted  from  keeping  that  moisture  back  in  the  boiler,  or  simply 
from  the  drying  and  superheating  of  the  steam  on  its  way  from  the 
boiler  to  the  engine,  was  more  than  he  could  tell.  In  the  trial  the 
stop-valves  were  much  closed,  according  to  the  usual  practice  at  sea  ; 
and  the  engines  were  much  linked  up,  the  same  as  in  their  ordinary 
running. 

With  regard  to  the  suggested  desirability  of  having  an  indicator 
diagram  taken  from  the  lower  side  of  the  air-piinip  bucket,  it  should 
be  explained  that  in  this  engine  there  was  no  foot-valve  :  so  that  the 
under  side  of  the  air-pump  bucket  was  exposed  always  simply  to  the 
open  condenser.  Therefore,  although  no  such  diagram  had  actually 
been  taken,  he  thought  it  could  be  little  else  than  a  horizontal 
straight  line,  except  just  at  the  particular  time  when  the  bucket 
struck  upon  the  water  collected  beneath  it.  The  condenser  diagrams 
mentioned  in  the  report  (page  212)  had  been  taken  higher  up. 

The   interesting  point    to    which   attention  had  been    called  by 

.Air.  Phillips  (page  255) — namely  that  the  indicated  horse-power  did 

not   appear   to   follow   either    the   pressure   or   the    revolutions,    or 

anything    else    to   which    it    might   be   expected   to   bear   a   direct 

proportion — had  been  noticed  by  himself  more  than  once,  but  he  had 

not  yet  succeeded  in  finding   any  explanation  to  account  for    it,  if 

indicator-  were  to  be  depended  upon  for  giving  identical  indications 

when    like    conditions  existed  in    the    cylinders.     In   the    record   of 

the   trials  the  variation  was  not  nearly  so  great  as   he  had   noticed 

nt  other  times;  in  the  Committee's  trial  there  was  ■  total  variation 

of  us  much  as  40  between  the  highest   and  the  lowest  indicated 

horse-power  (page  211),  and   of  4GJ  in  the  chief  engineer's   trial 

(page  216);  and  there  Beamed  nothing  to  account  for  it.    It  was 

:i  common   thing  to  observe;   and  the  only  suggestion   that   bad 

tarred  t<>  him  was  whether  there  might  possibly  st  certain  times 

be  ft  tittle  water  that  bad  gradually  collected  in  the  cylinder,  and 

whether    for    some    reason   ox  other  it  might   chance  to    become 

evaporated  into  steam  in  some  one  particular  stroke,  and  so  produce 

a  bigger  diagram  for  that  stroke,  without  any  corresponding  change 

baring  occurred  either  in  the  speed  <>t  revolution  or  in  the  initial 
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steam-pressure.  Whether  that  might  be  the  explanation  or  not,  it 
was  at  any  rate  interesting  to  call  attention  to  the  fact  that  the 
maximum  indicated  horse-power  given  by  any  one  set  of  diagrams 
in  the  Committee's  trial  was  G67*9,  which  coincided  with  Gl*3 
revolutions  per  minute  and  a  boiler-pressure  of  163  lbs. ;  whereas  the 
minimum  of  627*5  indicated  horse-power,  or  40  horse-power  less, 

3  coincident  with  Gl  -4  revolutions  and  162  lbs.  pressure,  that  is, 
practically  the  same  speed  and  pressure  as  for  the  maximum  power. 

With  regard  to  the  steam  for  the  fan-engine,  he  was  glad  to  hear 
what  Mr.  Gray  had  said  (page  260)  about  its  being  better  not  to 
complicate  the  result  by  taking  the  steam  from  the  main  boilers  for 
this  purpose.  That  was  a  question  which  had  been  considered  and 
discussed  beforehand  with  Professor  Kennedy,  who  had  agreed  that 
the  best  plan  was  to  use  the  steam  from  the  main  boilers  for  the 
main  engines  only,  in  order  to  ascertain  what  the  engines  were 
really  doing. 

In  31r.  Fothergill's  Table  12  (page  227)  the  allowance  of  10  per 

cunt,  deduction  from  the  proportion  of  coal  received  abroad  had  been 

referred  to  (page  25(5)  as  sufficiently  accounted  for  by  the  inevitable 

low  always  attending  the  handling  of  coal.     Tho   true  explanation 

however   was   that   the   10  per  cent,  was  deducted  simply  because  it 

had  :     .•  r  been  received  at  all.     In  England  it  was  true  that  the  full 

weight   paid  for  was  obtained;    but  it  was  unfortunately  too  well 

known  by  shipowners  that,  if  they  had  to  buy  coal  further  from 

Rngland    than     Gibraltar,    the    probability    was    that    the    quantity 

1    would    not  be  within  15  i>er  cent,  of  what  was  paid   for. 

u  therefore  it  would  be  only  misleading  to  take  the 

'  paid  C  .  anting  without  deduction  the  vessel's  actual 

n. 

1  economy  in  the  trial  was  largely  accounted  for  by  the 

od  quality  of  the  coal  (page  258)  he  could  not  admit,  for  the  good 

reason  that   the  economy   was  calculated   upon   the   carbon    value  of 

bad  been  in  the  previous  trials;   and  he  di<l 

affected  in  the  way  suggested   by  the 

requiring  less  frequent  cleaning   when 

QB4  -I. 
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With  an  expansion  of  nineteen  times  in  the  "Iona"  it  had 
been  pointed  out  by  Mr.  Mair-Rumley  (page  263)  that  there  was  only 
2  per  cent,  better  economy  than  in  the  "  Meteor "  with  only  ten 
expansions.  It  was  an  interesting  fact  to  note  that  the  expansion 
could  be  carried  so  far  as  nineteen  times,  even  though  with  so 
small  an  increase  of  economy,  because  it  was  considered  by  many 
engineers  that  so  large  a  number  of  expansions  must  necessarily  be 
uneconomical. 

The  differences  pointed  out  by  Mr.  Constantine  (page  265)  in 
the  relation  of  the  various  pressures  were  accounted  for  by  the 
circumstance  of  the  engineer  having  set  the  engines  slightly 
differently :  there  was  link-adjusting  gear  on  each  of  the  three 
engines.  The  drawing  of  the  pistons,  asked  for  by  Mr.  Halpin 
(page  249),  he  should  be  glad  to  furnish,  as  well  as  a  complete 
drawing  of  the  cylinders  showing  the  jacket.  [See  Figs.  28  to  31, 
Plates  54  to  56.]  The  piston  rings  were  of  square  cross  section, 
Figs.  28  and  29,  Plate  54,  and  their  size  was  2  inches  square  for  all 
pistons  from  18  inches  up  to  80  inches  diameter,  thus  covering  with 
one  size  a  large  range  of  engines  in  which  the  same  size  suited  all  the 
cylinders.  The  cross  section  2  inches  square  gave  a  large  bearing 
surface  on  the  junk  ring  and  the  piston  flange,  enabling  the  rings  to 
have  a  good  grip  on  these  bearings,  without  wearing  in  and  forming 
a  ridge,  which  would  necessitate  re-bedding.  The  springs  were 
mere  short  helical  springs  of  one  universal  size:  that  is  to  say,  the 
springe  for  nil  positions  in  any  one  piston,  for  all  pistons  in  any  i 
engine,  and  for  all  engines  from  small  t<>  large  powers,  were  identical ; 
;md  this  universality  of  spring  was  of  the  il   benefit  in  many 

ways.     The  spring  -ins  which  regulated  the  force  applied  up 

and  down  between  1 1 1 *  -  .junk  ring  and  tlic  piston  flange,  and  the  force 
applied  tangentially  pressing  the  rings  against  the  cylinder  walls, 
were  each  applied  independently  of  the  other,  and  could  therefore  !»<• 
-•  parately  regulated  in  amount  The  position  of  tin-  vertical  sprii 
being  precisely  in  tin-  centre  of  the  breadth  of  tin-  rings,  the  f< 
applied  by  them  was  fair  and  oentral  on  tin-  bearing  surfaces,  thus 
not  encouraging  any  rocking  or  twisting  of  the  rings.  Tin-  rings 
being  so  stiff  required  no  springs  whatever  behind  them  against  the 
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piston  body,  and  licucc  they  partook  of  the  quality  known  as 
floating:  that  is  to  say,  in  running  up  and  down  the  cylinder  they 
oould  follow  the  line  of  the  cylinder,  irrespective  of  where  the  piston 
might  be  :  and  the  oscillation  of  the  piston  from  side  to  side  of  the 
cylinder  had  no  effect  in  putting  more  pressure  on  the  packing  rings 
at  one  side  of  the  cylinder  than  at  the  other. 

Professor  Kennedy  considered  the  discussion  of  the  report  had 

been  highly  suggestive  on  many  points ;  and  he  would  endeavour  to 

supply  the  various  additional  items  of  information  that  had  been 

asked  for.     Both  Mr.  Mudd  and  Mr.  Fothergill  had  kindly  dealt 

with  a  large  number  of  matters  regarding  the  design  and  construction 

of  the  engines  and  boilers,  with  which  it  was  of  course  not  within 

province   to   deal.      Mr.    Mudd   had   also   suggested    numerous 

dons  that  would  more  or  less  modify  the  recorded  results  of 

the  trial  of  the  "  Iona."     In  common  however  with  every  one  who 

had  to  do  with  experiments,  he  entertained  the  strongest  objection 

making    corrections    and   allowances   in   actual    results,   or    to 

substituting    part   of    one   experiment   as   a   correction   of  another. 

A    Dumber  of  differences   between   the   Committee's   trial   and   the 

chief  engineer's  had  been  pointed  out  by  Mr.  Constantine  (page  265)  ; 

there  were  QO  reasons  why  both  might  not  be  perfectly  correct, 

[Use  thi    conditions  of  the  two  were  different.     As  a  matter  of 

'   and  of   principle  the  two  trials  must   stand  each  on  its  own 

merit-.     For  instance,  the  allowance  for  difference  of  feed  temperature 

two  trials  was  not  even  in  the  nature  of  a  correction 

dl.      The    weight    of    feed-water    used    was    given,    and    its 

and  the  amount  of  the  evaporation;  and  there  was  in 

If  the  temperature  had  been  so  much  higher, 

raid  calculate   exactly  the  difference   in    the  amount  of 

u;  and  the  subsequent  trial  so  accurately  made  by 

ihowed  just  the  difference  that  would  he  expected  : 

>t    *M  .1.  .ration   of    the   Committee's  trial,   and    th- 

wa-  rroboration  of  his,     But  although   the  difference 

wa-  i.'iy  a  change  of    great    importance    to  Mr.  Mudd   as 

preaentii:  working  in  tin's    particular,   it   was    not  a 


April  1891.  MAKIN'E-EXGLVE   TRIALS.  283 

correction  in  any  sense  of  the  word ;  and  lie  regretted  that  the  word 
"  correction  "  had  been  used,  because  in  its  natural  sense  it  had  no 
meaning  whatever  in  the  present  connection.  It  could  not  be  too 
clearly  understood,  he  thought,  that  the  whole  conditions  of  an 
engine  trial  or  boiler  test  were  so  complicated,  and  so  mutually 
interdependent,  that  from  a  scientific  point  of  view  it  was  absolutely 
inadmissible  to  take  bits  of  two  or  three  different  trials,  piece  them 
together,  and  then  say  that  the  combination  represented  any  reality 
whatever. 

The  supplementary  feed-water  was  of  course  a  much  more 
important  matter  than  the  feed  temperature.  Here  it  was  known 
that  something  had  gone  wrong,  because  there  was  no  doubt 
either  as  to  the  actual  quantity  of  supplementary  water  that  was 
used  in  the  trial,  or  as  to  its  being  much  more  than  the  average 
quantity  used  in  an  ordinary  voyage,  and  much  more  than  in 
the  chief  engineer's  previous  trial  extending  over  nine  days. 
Even  during  those  nine  days  however  it  was  seen  from  the 
diagram,  Fig.  24,  Plate  52,  how  much  the  quantity  had  varied. 
In  the  second  day,  for  instance,  the  water-level  in  the  boilers 
went  down  in  the  glass  more  than  two  inches  in  twelve  hours, 
Fig.  25.  That  was  only  half  a  day  out  of  the  nine  days,  and 
it  was  just  as  likely  to  be  right  as  any  part  of  the  diagram. 
Therefore  it  would  not  be  fair  to  correct  the  large  supplementary 
feed  in  the  Committee's  trial  from  this  in  the  chief  engineer's; 
the  only  right  course  was  to  report  the  actual  quantity,  and  to  say 
that  it  was  obviously  much  more  than  the  normal  amount,  though 
he   <li<l  not  know  where  it  went.     A  great  deal  had  been  made  of  the 

L-pump  1<  akage.  The  first  thing  he  did  after  returning  from  the 
trial  was  to  plot  <  ut  the  supplementary  feed  and  the  oorroction 
for  water-lorel ;  and  be  found  to  his  great  disgust  that  the  quantity 
el  the  supplementary  feed  came  oat  practically  uniform  all  through 

the    trial.       That    pointed    to    a    uniform    08080)   but    the    feed-pump 

leakage  was  not  a  uniform  cause  ;  it  occurred  only  during  the  first 

hour  and  a  half,  during  whieh  time  it    WBS  a   B0UT06   of  many  qualms 

to  all  concerned)  and  their  anxiety  was  not  relieyed  until  it  was 
reduced  within  roasonshlo  limits,  apparently  to  less  khan  one-tenth  of 
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what  it  had  been  before.  He  therefore  did  not  feel  satisfied  that 
the  feed-pump  leakage   was   the  cause  of  the  high  supplementary 

1.  In  replying  to  Mr.  Burstall  (page  244),  and  again  in 
278,  3Ir.  Mudd  had  spoken  as  if  the  leak  through  the  glands 
must  have  been  very  large  and  must  have  been  continuous,  because 
the  supplementary  feed  was  both.  It  seemed  however  to  be 
overlooked  that  the  connection  between  the  two  was  entirely 
hypothetical.  The  only  things  absolutely  known  were  that  the 
gland  leak  was  considerable  for  a  short  time  only,  and  therefore  was 
not  uniform,  while  the  additional  feed  was  uniform.  The  only 
direct  evidence  therefore  went  to  show  that  these  two  things  were 
not  connected,  whatever  might  have  been  the  cause  of  the  abnormally 
extra  fei  d. 

In  the  table  in  page  215,  showing  the  percentages  of  water  in  the 
cylinders,  all  that  was  done  was  to  give  the  percentage  of  the  total 

1  accounted  for  by  the  steam  in  the  cylinder:  the  remaining 
percentage  of  course  included  always  the  4*91  per  cent,  of  water 
from  the  high-pressure  steam-jacket  and  the  steam-pipe  and  high- 
pit  alve-ehest  drains ;  this  could  be  subtracted,  and  the  remainder 
would  then  be  the  percentage  present  in  the  cylinder  as  water. 

With  regard  to  the  arrangement  of  the  jacket,  he  remembered 
that,  when  he  was  a  draughtsman  on  the  Tyno  in  1870  under 
Mr.  ('.  C.  Marshall,  the  first  two  compound  engines  ever  constructed 

Jarrow  had  jackets  made  i 1 1  the  same  way,  the  high-pressure  jacket 
being  i:-<  If  Burrounded  by  the  exhaust  steam  on  its  way  to  the 
low-pressure  cylinder.  He  thought  it  probable  however  that  the 
i  I  a!  sea  in  those  days. 

In  the  temperature  of  the  funnel  gases,  lie  thought 

.  Wilson's  ]•  marks  (page  270)  were  much  to  the  purpose.     The 

I  OUght    to  be  taken  at  a  point  as   low  down 

in  tli<;  fanae]  itself  as  ■  ible;  but  in  many  cases,  as  iii  the 

point  turned  out  to  be  higher  up  than  he  could  have 

1       •  in  the  uptake  might  really  here  but 

Little  Tela  rould  there  not  be  well  mixed,  and  the 

sight   be   i  ither  considerably   above  or    considerably 

be]  temperature.     The  error  duo  to  want  of 
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proper  mixing  of  the  gases  at  the  point  where  the  thermometer  was 
placed  he  thought  was  probably  greater  than  the  error  clue  to  loss  by 
radiation  in  a  certain  number  of  feet  of  chimney ;  but  this  was  no 
doubt  a  matter  of  opinion  and  of  degree. 

As  to  the  way  of  stating  rate  of  transmission  of  heat,  he  did  not 
agree  with  Mr.  Halpin  (page  251).  The  figure  given  in  page  214 — 
so  many  thermal  units  per  square  foot  of  heating  surface  per  hour 
— was  an  absolute  figure  got  from  experiment.  The  figure  proposed 
by  Mr.  Halpin  involved  an  assumption  as  to  the  furnace  temperature, 
which  he  thought  had  really  no  very  definite  meaning. 

In  reply  to  Mr.  Phillips'  question  (page  257),  the  supplementary 
feed  was  allowed  to  run  out  of  the  tank  in  which  it  was  measured, 
direct  into  the  bottom  of  the  condenser,  and  so  was  pumped  through 
the  feed  measuring  tanks  into  the  boilers  with  all  the  rest  of  the 
feed  water. 

It  would  be  interesting  to  know  how  the  indicated  horse-power 
had  been  measured  over  several  voyages,  from  which  the  coal 
consumption  referred  to  by  Mr.  Bruce  (page  259)  had  been 
calculated. 

In  reply  to  Mr.  Maefarlane  Gray  (page  260),  the  correction  for 
the  latent  heat  of  the  steam  had  in  every  case  been  made. 

The  President  thought  the  Institution  was  to  be  congratulated 
on  the  interest  and  value  of  all  the  reports  that  had  been  read  upon 
the  subject  of  this  important  research.  They  would  be  of  the 
greatest  use  lie  believed  to  engineers  in  designing  marine  engi] 
and  further  improving  them.  All  the  Members  he  was  sure  would 
cordially  join  in  a  hearty  vote  of  thanks  to  Professor  Kenned j,  and 
to   the  observers  who  had   been  m  I  with  him  in  taking  BO 

much  trouble  to  carry  out  tie  trial  of  the  "  Iona,"  and  to  obtain  the 
voluminous  data  fox  enabling  him  t<>  compile  the  present  valuable 
report;  and  to  Mr .  Charles  J.  Wilson  for  all  the  work  done  id  his 
laboratory.     Also  to  the  owners  of  the  u  Eona "  Biessrs.  Berakind  and 

Woods,   and    their    superintending    engineer   Mr.   Fothorgill,   ami 

the  builders    Menem.   William  Gtray  and  Co.,  and   their  mane 
Iff.  Mndd,  for  the  opportunity  ifforded  fax  oaxxying  out  this  trial. 


286  MARINE-ENGINE    TRIALS.  AriUL  1891. 

(The  President) 

and    for   all    the   facilities   and   assistance   received   from   them   in 
connection  therewith. 


Mr.  Bryan  Donkin,  Jun.,  wrote  that  he  had  found  a  good 
experiment  upon  a  Sulzer  horizontal  triple  mill-engine,  in  which 
tli,  :  the  cylinders  and  the  steam  pressure  and  the  total  power 

. i  similar  to  those  in  the  "  Iona,"  that  he  had  prepared  tho 
following  short  tabular  comparison,  which  he  thought  might  perhaps 
be  of  interest : — 


Engines  both  condensing. 


Sulzer. 


Iona. 


D  •    of  Trial 

«  \  Under  diameter,  high-pressure  inches 

„               „        intermediate  inches 

„                „        low-pressure  inches 

Stroke,  length  inches 

Boiler  pn  autre  abore  atmosphere,  lbs.  per  sq.  inch 

l     rolutioni  per  niinute  r<  vs. 

minute  feet 

r,  total  I.H.P. 

,  ,,,,         ,         I including  pipe  water 

[  If  r.  per  hour  )                   l  ■ 

including  all  jacki  t.  water    i       ,    r 

[<  [eluding  „       „ 


1889 

1890 

J  21-7 

J  21-9 

J  33-5 

N34-0 

J  492 

N57-0 

47 

39 

141 

165 

05-5 

61*1 

516 

397 

615 

645 

11  -85  Lb* 

j :;•:;;»  Lbs 

11-70  lbs. 

13*27  Lba 

J  =  ' 


N  =  Nol  jacl 


'I'.  IIiiiso.N    Beare   wrote  that  he  should  be  #lad  if 

would    append    to    tliis    report    a   table    of    the 

i  '1  in  calculating  the  calorific  value  <>f  the  coal,  and  the 

of  the  furnace  gases,  and  also  add  a  reference  to 

aothoriti  -  i<,v  them     These  being  itandard  trials,  it  was 
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desirable  to  be  able  to  compare  the  results  with  those  of  other  trials, 
which  could  not  well  be  done  without  this  information.  In  the  case 
of  the  "  Iona,"  where  the  absolute  quantity  of  steam  condensed  in 
the  jacket  &c.  was  known,  it  would  also  be  useful  if  in  the  table 
on  page  215  there  were  added  the  percentages  of  steam  present  in 
the  cylinders,  compared  with  the  actual  measured  quantity  passing 
to  the  engine  from  the  boilers.  From  the  way  in  which  the  jacket 
was  arranged  on  the  high-pressure  cylinder,  he  should  have  expected 
a  rather  considerable  superheating  effect  upon  the  steam  in  the  first 
receiver  ;  but  the  table  on  page  215  showed  practically  no  such  action. 
The  jacketing  indeed  compared  unfavourably  with  that  of  the 
"  Meteor " ;  the  much  greater  wetness  of  the  steam  in  the  low- 
pressure  cylinder  of  the  "  Iona  "  was  clearly  marked,  and  seemed 
to  point  conclusively  to  the  advantage  of  jacketing  that  cylinder. 

Comparing  the  five  trials  already  reported,  he  was  much  struck 
with  the  great  variation  in  the  proportions  of  the  several  boilers 
and  the  correspondingly  small  variation  in  their  actual  efficiency. 
The  lowest  efficiency  was  that  of  the  "  Meteor  "  and  "  Colchester  " 
boilers,  only  02  per  cent.  ;  the  highest  occurred  in  tbe  "  Tartar." 
namely  70  per  cent.,  or  a  total  gain  of  nearly  13  per  cent. ;  yet  the 
coal  burnt  per  square  foot  of  grate  per  hour  varied  from  11  "93  to 
2G*10  1bs.,  a  range  of  nearly  120  per  cent.  The  other  quantities 
varied  equally  as  much  ;  thus  the  proportion  of  heating  surface  to 
-rate  area  ranged  from  26*5  to  75*2;  the  horse-powei  developed 
per  square  foot  of  grate  from  6*75  to  15'  10  ;  and  tin-  heating  surface 
per  horse-power  from  2*94  to  6*08.    Comparing  the  boil  the 

"Tartar"  and  "Iona,"   having  almost   the   Bame  actual  officii 
these    variations    were    oven    more    marked  :    a   cartful    study   of  the 

gave  apparently  no  relation  between  the  various  quantities; 
d  such  an  important  factor  as  the  ratio  of  the  heati  to 

the  grate  area  Beemed  to  be  [ndeterminal 

Professor  Eehnxdi  replied  that  the  constants  he  had  used  in 
calculating  the  calorifio  value  of  the  coal  were  as  follows : — carbon 
1  l.-M'i  thermal  on  pound;  bydrogi  d  52,200  thermal  units  pt  i 

pound.     No  carb  m  was  burnt  to  car'  ling 
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(Pro:--  r  Kt onedy.) 

constant  was  not  required.  The  hydrogen  constant  allowed  for  the 
f;u  t  that  the  steam  formed  passed  away  in  a  gaseous  condition  and 
VTBfl  not  liquefied.  These  constants  were  taken  as  the  best  values 
from  Oswald's  Ycncandtschaftslehre,  which  contained  a  critical 
summary  of  all  the  principal  experiments  on  this  matter. 
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Alexander  Allan  was  born  at  Montrose  in  1809.     After  serving 

his    aj)prenticesliip    to    Mr.    Gibb,    millwright,    at   Lochsido,    near 

Montrose,    he    went    in     1832    to    Messrs.     Robert     Stephenson's. 

X<wcastle-on-Tyne,  and  from  there  to  Liverpool.     In  1834  at  the 

Vauxhall  Foundry  ho  assisted  in  putting  upon  the  Liverpool  and 

Manchester     Railway    Messrs.    Forrester's     first     locomotive,     tho 

"  Swiftsure,"  with  its  novel  outside  cylinders ;  and  in  the  same  year 

he  was  sent  to  Ireland  with  their  three  locomotives,  which  wero  tho 

first  introduced  on  the  earliest  of  Irish    railways,  the   Dublin   and 

Kingstown.     In  1840  he  entered  tho  servico  of  the  Grand  Junction 

Railway  Company  at  Liverpool,  and  later  at  Crowe  as  works  manager 

and    assistant    locomotive   superintendent,   Mr.  Francis   Trevithick 

being  tho  locomotive  superintendent.     At  the  new  works  at  Crewo 

ho  was  entrusted  with  tho  designing  and  construction  of  passenger 

and  goods  engines.     In  these  original  Crewe  locomotives  the  outsido 

iuders  were  so  arranged  as  to  simplify  tho  machinery ;  a  straight 

axle  having  only  two  bearings,  instead  of  a  crank  axle  having  four, 

allowed  the  boiler  to   be   lowered  ;  the  sizo  of  crank  pins  and  block 

uls  was  reduced;  lighter  connecting  rods  were  adopted j  and 

instead  of  eight  slide-bars,  as  on  all  other  engines  at  that  time,  four 

were  used.     In  1817  the  "  Velocipede  "  was  built  on  the  same 

but  witli  7  feet  driving  wheels ;  and  this  and  other  Locomotives  <>i* 

dlar  dimem  i  re  in  use  on  the  northern  division  of  the  London 

rth  Western  Railway  until  found  too  small  for  the  increased 

[ght-azli  iph 

i  tin   Pi 
and  Railway.     In  Caledonian  Bail  way  was  suppli 

witli  designs  :  and  in  lafc  tral 

•  i    I 
.(  nt  of  li  Centra]  I.' 

;ii.  Al..  idd  ii.  Edinbui  G  ;  and  filled  I  itil 

hen  tli<  itli  ill. 
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he  invented  his  straight-link  valve-gear,  in  which  balance  weights  and 
springs  are  dispensed  with  (Proceedings  1856,  page  70)  ;  the  gear 
.  allowing  the  boiler  to  be  placed  lower  ;  and  during 
reversal  the  valve  rod  moves  through  one-third  the  space  upwards 
and  downwards,  compared  with  the  previous  valve-gear.  Between 
ls17  and  1885  he  also  introduced  improvements  in  turntables; 
in  tubular  and  locomotive  and  other  boilers ;  in  gas  meters 
(Proceedings  1860,  page  15)  ;  in  locomotive  retarding  and  stopping 
(1859,  page  230) ;  in  buffer  and  draw  springs ;  in  land  and  sea 
batteries ;  and   air-spring   pressure-gauges    (1859,  page  179).      For 

reral    years   he   was  manager   of   the   Worcester    Engine   Works 

<     mpany,  until  ill  health  obliged  him  to  retire  from  active  work.    In 

1872  he  went  to  live  at  Scarborough,  where  he  resided  until  the  time 

of  his  death  on  2nd  June  1891,  at  the  age  of  eighty-two.    He  was  one 

the   original   Members   of   this  Institution  on  its  foundation  in 

17;  and  contributed  to  the  Proceedings  other  papers  on  his 
inventions  besides  those  referred  to. 

John*  William  Cole  was  born  at  Hetton  in  the  county  of 
i  on  30th  April  1840.  He  served  his  apprenticeship  in  the 
fitting  shops  of  the  Thornley  Coal  Co.  at  their  large  works  near 
Hartlepool,  where  he  acquired  a  good  practical  knowledge  of 
winding,  pumping,  and  underground  hauling  engines,  besides 
Locomotives,  although  the  latter  were  of  a  primitive  kind,  including 
one  engine  frith  vertical  cylinders.  On  the  completion  of  his 
apprenticeship  about  1858,  he  obtained  an  engagement  as  a 
journeyman  in  the  locomotive  works  of  the  North  Eastern  Railway, 

.  k.      In    I860   he   went   to  Madras   in    the   service  of  the  Madras 
i  appointed  resident  agent  and  engineer  at  the 

.--minus,  having  charge  of  a  hundred  miles  of  line.     After 

of  Indian   service  he  returned   to  England,  and   became 

out-door  i  .   Bella   Goodman   and   Co.,  afterwards 

with  whom  lie  remained  till  about   L880. 

on  which  he  was  here  engaged  was  to  take 

an  old  small  blast-furnace  at.  Walker-on-Tyne,  and  remodel 

on  a  lai  Other   works  consisted   in    the 
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erection  and  repair  of  chemical  plant  so  extensively  in  use  on  the 
Tyne,  besides  engines  and  boilers  for  the  coal  and  iron  industries 
of  the   district.     During   this   time   he   brought  out  a  coal  screen, 
which  may  be  described  as  a  Juckes  furnace  with  screening  spaces 
between  the  bars.     At  the  end  of  1880  he  commenced  business  in 
London,   and    erected   near   Beckton   the   Horse   Shoe   Works,   for 
manufacturing  an  invention  which   he  had   bought  in  America  for 
the   company  owning  the  works.      He   was   also  concerned  in  the 
erection   of    machinery   for    chemical    and    manure    manufactories 
on  the   Thames;   and   completely   remodelled   the   machinery   and 
appliances   of    a    brewery   near    Coventry.      In    August    1882   he 
emigrated  to  South  Australia,  where,  after  having  acquainted  himself 
with  surveying,  levelling,  and  drawing,  he  was  appointed  to  make 
a  comprehensive  survey  of  a  district  near  Adelaide,  for  the  supply 
of  water  to  that  city.     The  manner  in   which  he  carried  out  this 
work  led  to  his  being  engaged  by  the  Honourable  James  Martin  as 
manager  of  his  large  engineering  works,  Phoenix  Foundry,  Gawler, 
where  he  was  occupied  for  seven  or  eight  years  in  the  production  of 
large  hauling  engines  for  mines,  bridge  and  boiler  work,  and  the 
arrangements    for    building     forty  -  two    locomotives    for    colonial 
rail  ways.      The   anxiety   incident   to   the    latter   undertaking   in    a 
distant  colony  was  doubtless  what  brought  on  softening  of  tho  brain, 
which  resulted  in  his  death  on  10th  February  1891  at  Gawler,  at  till- 
age of  fifty.     In   1890  he  left  Phoenix  Foundry,  and  obtained  the 
appointment  of  inspector  of  machinery  at  the  silver-lead  mines  of  the 
Broken  Hill  Proprietary.    He  became  a  Member  of  this  Institution 
in  1878. 

nun  Osborn  was  born  at  Ecclesall,  Sheffield,  on  21st  August 
L826,  and  on  Leaving  school  was  apprenticed  with  Means.  Thomae 
Ellin  and  Bona,  and   afterwardi  found    employment  with    Mf— 
II  iry  Roaael]  and  Oo.    Commencing  busmese  on  his  own  account 
in  i  BrookhOl,  Sheffield,  he  mere  mannfaotnred  chiefly  files : 

and  in  1869  he  acquired  in  addition  the  more  extensiTe  premises  of 
the  Clyde  Works  in  the  Wicker,  where  he  established  himself  as  a 
l   refiner  on   s   U  ale,   and   became  one  of  the  foremost 

•J   .: 
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manufacturers  is  Sheffield.  He  was  elected  Master  Cutler  in  1873. 
.  i  re  ftdyersitiee  encountered  in  1874  wore  honourably  surmounted 
during  the  next  ten  years,  and  in  1884  he  was  able  to  add  several 
other  departments  to  the  business.  Having  served  for  several  years 
on  the  Town  Council,  he  was  Mayor  of  Sheffield  at  the  time  of  his 
death,  which  took  place  at  Blackpool  on  7th  July  1891,  in  the  sixty- 
lift  h  year  of  his  age,  after  an  illness  of  several  months.  He  became 
a  Member  of  this  Institution  in  1870. 

Robert  James  Bansome  was  born  at  Yoxford  on  27th  June  1830. 

He   was   educated   at  Ipswich,  and  on  leaving  school   in  1845  was 

apprenticed  to  his   father's  firm,  Messrs.  J.,  B.,  and  A.  Bansome, 

i  cultural    engineers,    Orwell   Works,   Ipswich ;    after   which   he 

une  manager  of  the  foundry  department.     In  1869  he  joined  his 

lather  and  Mr.  B.  C.  Bapier  in  establishing  the  Waterside  Works 

on  the  opposite  bank  of  the  Orwell,  for  the  manufacture  of  railway 

plant.     One  of  their  early  works  was  building  engines  and  laying 

down  plant  for  the  first   railway  in   China.     Besides   the   general 

-iness  of  supplying  railway  plant  adapted  to  all  countries,  they 

constructed    a    great    many    cranes    of    large    size    for    building 

hi  mi  Wl  The   works  now  cover  an    area  of   eight   acres,  and 

employ   five    hundred    men.      He  took  an  active  interest   in   local 

and   had   been  on   the  Town  Council  for  twenty-one  years. 

death  took  place  on  3rd  Juno  1891,  in  the  sixty-first  year  of  his 

mber  of  this  Institution  in  18(12. 

OhabLBS     P  IJvssiii;    Shbllbi    was     born     at     Epsom     in 

father    being    a    physician    and  surgeon.     After    receiving 

Olapham   and    at    Sing's  College   School, 
•ldon.  !  training  in  the  applii  d 

I   of  the  same  college   under    Pi  Oowper.      Be   WBA 

then    t  irendereon   and    Oo.,    Birmingham, 

many    <l  .  Iiiefly    upon    the    designs    for    the 

■    '.'  .hihition  building  Of  1851  ;    he  also  had  the 

d  of  tl  i  bom   lie  Inst  rooted   in 

..     .       He   ne.t    went    to  .Mr.  Thd 
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Cubitt's  brickworks  at  Burliam  near  Eocliester,  where  lie  erected  a 
pair  of  60  H.P.   engines  removed  from  the  Croydon  atmospheric 
railway.     He  was  afterwards  engaged  at  the  Victoria  Works  of  the 
Ebbw  Vale  Co.,  where  he  gave  evening  lectures  to  the  men  employed 
at  the  works,  and  made  an  extensive  set  of  diagrams  illustrating 
mechanical  subjects.     He  next  became  chief  assistant  to  Sir  William 
Siemens,  and  then  principal  draughtsman  to  Mr.  Edward  Woods. 
For   about   five  years  he  was  in  the  drawing  office  of  Mr.  E.  A. 
Cowper.     He  next  fulfilled  an  engagement  in  Spain  upon  the  Tudela 
and  Bilbao  Eailway.     He  then  established  himself  as  an  engineer 
in  Westminster,  and  carried  out  the  plans  for  the  Thames  Valley 
Railway,  which  subsequently  became  a  branch  of  the  London  and 
South   Western.      In   1860  he  became  Professor  of  Manufacturing 
Art  and  Machinery  in  King's  College,  London,  which  position  he 
held  for  thirty  years,  vacating  it  only  about  a  year  before  his  decease. 
He  was  for  some  time  employed  by  Sir  Joseph  AVhitworth,  Bart. ; 
and   in    conjunction    with   Mr.   T.   M.    Goodeve   he   wrote   a   work 
descriptive   of    the    Whitworth   measuring  machine.     He   was   also 
engaged  with  Mr.  J.  S.  Stokes  upon  the  designs  for  an  ironworks 
erected   at   Shrewsbury.      For    many   years    he    was    one    of    the 
assistant  examiners  in  steam  and  mechanics  at   the   Science  and  Art 
Department,  South   Kensington ;    and   was   also  examiner   in    these 
subjects  at   the  Royal    Military  College,   Woolwich.      He  was   the 
author   of   a    useful    book    on    workshop    appliances,    which    was 
translated  into  Spanish.     His  death  took  place  at  Bromley,  Kent,  on 
16th  June  1891,  at  the  age  of  sixty-four,  after  a  short  illness.     Ji< 
became  a  Member  of  this  Institution  in  I  ad  in  lb02  contributed 

a  paper  on  the  manufacture  of  hemp  and  wire  rope. 

ward  Slaughtj  i  born  in  London  on  i  inber  1814, 

and  haying  been  educated  at  Baling  and  in  Paris  was  apprenticed  for 
five  years  to  Mr.  John  Seaward,  Oanal  Ironworks  Limehou  Lon. 

ter  two  yen-  of  travel   h<  ,  i  .M r.  I.  K. 

Brunei  in  1887,  ami  took  part  in  tin-  construction  of  the  London  t  od 
of  tin  ..  -  I  holding  ■  post  ul  tlic 

Uri.^tul    i  ml.       In    1840    lie    becaim     managing    partner    of    Mi 
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Stothert  Slaughter  and  Co.,  'Bristol,  specially  with  a  view  to  the 
manufacture  of  locomotive  engines.  In  I860  the  concern  was 
converted  into  the  Avonside  Engine  Company,  of  which  he  then 
became  the  managing  director.  In  1873  failing  health  induced  him 
to  abandon  active  work.  When  travelling  abroad  he  devoted  much 
attention  to  the  peculiar  conditions  of  foreign  railways,  on  which  steep 
gradients  and  sharp  curves  were  largely  employed ;  and  as  many  of 
the  locomotives  were  furnished  by  his  firm,  he  took  a  prominent 
part  in  the  introduction  of  the  various  bogie  arrangements.  He  also 
signed  and  built  two  screw-steamers  fitted  with  engines  of  the 
locomotive  type,  for  running  between  Bristol  and  Newport,  whereby 
the  passage  was  greatly  accelerated.  His  death  took  place  on  13th 
May  1891,  at  the  age  of  seventy-six.  He  became  a  Member  of  this 
Institution  in  1853. 

BzNJAMiN  Walkbb  was  boni  at  Armlcy,  near  Leeds,  on  20th  April 

1821.     At  the  age  of  fourteen  he  was  apprenticed  for  seven  years  to 

the  engineering  firm  of  Messrs.  Newton  and  Taylor,  Water  Lane, 

Leeds;  and  at  the  age  of  twenty  became  foreman  of  a  large  shop. 

Tin  greater  part  of  his  book  learning  he  acquired  during  this  time 

■4  |  night  school  at  Armlcy,  where  he  worked  so  hard  that  on  the 

[ration  of  his  apprenticeship  at  the  age  of  twenty-one  he  was  a 

•  1    mathematician,   and    had  a   considerable    store    of    scientific 

knowledge.     He   was  one  of  the  first  members  of  a  literary  society 

which  wai  formed  at  Armlcy  about  1838.     Before  he  was  twenty  he 

had  acquired  such  skill  as  a  mechanic   that   his  master  used  to  send 

him  t<i  various  millfl  in  Leeds  to  put  machines  to  rights  when  other 

e  had   failed   to  do  so.     In  1845  at   the  age  oi* 

-four  h  to   Belfast    to  be  manager  of  the  works  of 

M'  mbe  and  Dunneld,  afterwards  Combe  Barbour  and  Combe; 

but  in  1-17  he  left  these  works,  then  in  full  operation  and  employing 

i   returned  to  Leeds  at  a  great  pecuniary  sacrifice  to 

work  is  an  ordinary  engine-fitter,  in  order  that  he  might  devote  his 

mind  fully  to  the  acquisition  of  mathematical  and  mechanical  science, 

an  )  bond  that  having  the  direction  of  a  large  vrorks  prevented 

much  d<   in  d,    Later  on  he  became 
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foreman  at  Messrs.  Kitson  Thompson  and  Hewitson's  works,  Airedale 
Foundry,  Leeds,  and  afterwards  manager ;  and  in  1851  invented 
several  appliances  for  making  forgings  at  reduced  cost.  In  1860, 
in  conjunction  with  Mr.  Hewitson,  lie  introduced  an  ingenious 
self-acting  motion  for  double-acting  steam-hammers,  superseding 
the  noisy  and  destructive  tappet  action  then  in  use  by  one 
approaching  more  nearly  to  the  gliding  motion  of  an  eccentric  ; 
a  number  of  steam-hammers  have  been  made  on  this  plan,  for 
which  he  received  a  medal  at  the  Paris  Exhibition  of  1867.  He 
also  designed  the  wrought-iron  wheel  for  traction  engines,  in 
place  of  the  old  wooden  wheel  with  metal  tire ;  and  the  frame- 
slotting  machine  now  universally  used.  In  1862  he  commenced 
business  at  the  Goodman  Street  Works,  Hunslct,  Leeds,  which 
are  now  among  the  largest  in  the  world  for  the  construction  of 
hydraulic  machinery  and  of  machinery  used  in  the  manufacture  of 
iron  and  steel.  As  early  as  1863  he  proposed  a  hydraulic  forging 
press  for  a  Sheffield  firm,  to  be  used  instead  of  a  steam-hammer ;  and 
although  the  plan  was  not  carried  out  at  that  time,  more  recently, 
since  the  masses  of  steel  to  be  dealt  with  have  gradually  become  so 
great,  the  superiority  of  the  press  over  the  hammer  has  become 
recognised,  not  only  for  working  the  steel  into  form,  but  also 
for  pressing  it  to  the  very  core,  and  making  it  denser,  tougher,  and 
stronger.  His  firm  have  made  forging  presses  for  all  the  European 
governments,  and  for  many  of  the  largest  works  in  this  and  other 
countries.  He  made  the  fir.^t  hydraulic  press  for  bending  armour- 
plates,  and  has  since  supplied  these  presses  to  the  largest  fforks  in 
the  world.  With  imprOYements  in  Bessemer  machinery  he  was  early 
a->ociated;  and  on  the  introduction  of  the  basic  process  lie  made  the 
first  converters  and  hydraulic  machinery.  In  tin:  rolling  of  weldh  as 
tins  and  in  rerersing  apparatus  for  rolling  mills,  lie  introduced 
various  improvements.  1I<  early  proposed  making  Bessemer  blowing 
ongitwM  compound,  with  the  result  of  a  Baying  of  30  per  cent.;  and 
the  first  compound  reversing  rolling-mil]  engines  were  made  by  his 
linn.  lh  introduced  the  separate  condensation  engine  for  taking 
the  exhaust  steam  from  one  ox  more  engines;  and  also  the  three** 
cylinder  blowi  ini   for  cupolas  and  smiths' fibres,  which  owing 
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t<>  its  greal  economy  and  efficiency  lias  to  a  large  extent  replaced 
tans  and  other  blowers.  Among  the  many  improvements  lie  effected 
in  hydraulic  cranes,  the  most  notable  is  the  double-ram  ingot  crane 
for  economising  Mater.  The  original  ingot  cranes  were  plain  centre- 
ram  era nes  with  the  water  acting  on  the  bottom  of  the  ram ;  or  else 
the-  ram  was  made  of  two  different  diameters,  and  the  water  pressing 
on  the  annular  area  raised  the  jib  and  the  load.  This  arrangement 
was  wasteful  in  pressure  water,  as  it  necessitated  power  to  lift  not 
only  the  load  but  also  the  dead  weight  of  the  jib.  He  therefore 
employed  the  centre  ram  as  a  guide  and  to  take  the  strain  only ;  and 
introduced  two  side  rams,  one  in  constant  communication  with  the 
accumulator,  nearly  balancing  the  dead  weight,  and  the  other  under 
control  of  the  workman  by  means  of  a  valve.  Cranes  on  this 
double-ram  plan  have  been  supplied  to  nearly  all  the  large  steel 
works  and  arsenals.  His  latest  achievement  was  the  combined 
vertical  and  horizontal  press  for  forging  steel  slabs  and  ingots  by 
hydraulic  power.  Increase  in  the  pressure  of  steam,  and  in  the 
>i/<  b  and  speeds  of  ships,  called  for  larger  and  thicker  plates,  which 
necessitated  much  larger  ingots  and  a  higher  quality  of  steel.     He 

iy  recognised  the  importance  of  working  the  plate  ingot  on  the 

-    will    as   on    the   flat;    and  in  the  horizontal   and   vertical 

plate-ingote    of    any   size    can    be    squeezed    both 

horizontally    and    vertically,    the    ends    cut    off,    and    the   slab    cut 

into   pieces,    with   practically   no  hand  labour,   the  quality  of  steel 

being   improved   and    tin;    waste    greatly    diminished.       In    1885   lie 

a     member     of    the     jury    of    the    International    Inventions 

libition.      In    1H87    ho  was   made  a   magistrate  of  the    borough   of 

Leeds.     Jl  took  place  on  14th  April  1891  at  his  residence, 

Ulerton  Ball,  Leeds,  from  inflammation  of  the  Longs,  brought 

•  •old.  in  the  seventieth  year  of  his  age.     JJe  became 

alfembaraf  thii  Institution  in  1867, and  irasa  Member  of  Council 
It-  wt    &  frequent  attendant  at  the  Meetings,  and  often 

us,      lie   was    also  a   Member    of    the 

titution  of  <jvil  J.  ad  a  Member  of  Oounoil  of  the  Iron 

and  Steel  J; 
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PROCEEDINGS 


July  1891. 


The  Summer  Meeting  of  the  Institution  was  held  in  Liverpool, 
commencing  on  Tuesday,  28th  July  1891,  at  Ten  o'clock  a.m. ; 
Joseph  Tomldtsox,  Esq.,  President,  in  the  chair. 

The  President  and  Council  and  Members  were  received  in  the 
Concert  Boom  of  St.  George's  Hall,  by  the  Mayor,  Joseph  B. 
Morgan,  Esq.,  and  other  members  of  the  Reception  Committee. 

The  Mayob  said  that,  both  as  Mayor  of  Liverpool,  and  also  as 
himself  an  Associate  of  the  Institution  of  Mechanical  Engineers,  he 
desired  to  give  the  Members  a  hearty  welcome  to  the  city,  not  only 
in  the  name  of  the  Reception  Committee  of  which  he  was  the 
Chairman,  but  also  on  behalf  of  the  citizens  generally.  During  his 
year  of  office  it  was  very  pleasing  to  him  to  have  this  opportunity  of 
welcoming  here  an  old  friend  of  his  own  as  the  President  of  the 
Institution.  With  Mr.  Tomlinson  he  had  worked  for  a  long  period 
in  the  pursuit  of  the  same  object;  and  he  had  learned  to  ap] 
highly  the  sound  and  practical  way  in  which  he  was  In  the  habit  of 
dealing  with  engineering  matters.  It  was  B  greal  -ratification  to  him 
to     have     Mr.     Tomlinson     as    his  on    the    present    occasion. 

Nineteen  years  had  now  elapsed  since  the  city  of  Liverpool  had  Last 
been  honoured  with  a  visit  from  the  Institution.  The  Members  who 
had  been  present  on  the  former  occasion  he  hoped  would  discover  in 
their  present  visit  that  the  city  had  nut  fo  indhand  in  mechanical 

d  in  carrying  out  other  important  works.     II-   trusted 
that  the  works  which  the  Members  would  see  on  the  present  occasion 

WOUld  meet  with    their  approval,  and  would   show   that    the   city   had 

advanced  in  the  Btme  d<  in  the   United 

a  i 
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(The  Mayor.) 

Kingdom.     The  construction  of  the  Vyrnwy  Water  Works,  though 
now    approaching   completion,  was   not   yet  actually  finished;    that 
was  an  undertaking  of  which,  in  so  far  as  it  was  advanced  towards 
completion,  Liverpool  was  rightly  proud.     Amongst  the  Council  of 
Institution  who  were  present  he  was  glad  to  see  many  well- 
known  engineers  who  were  specially  welcome  to  Liverpool,  holding 
they  did  high  positions  under  the  Government  of  the  country,  and 
in  various  engineering  establishments.     He  took  credit  on  behalf  of 
Liverpool  for  the  fact  that,  when  the  Government   had   asked  for 
armed  cruisers,  out  of  the  seven  for  which  tenders  or  plans  were  sent 
in  for  adoption  four  vessels  were  offered  by  Liverpool,  and  sailed  from 
Liverpool ;  and  one  of  the  four  was  the  first  to  put  in  an  appearance 
at    the   late   naval   review  at   Spithead  as   an   armed  cruiser  fully 
lipped.     A  short  time  ago  he  had  enjoyed  the  pleasure  of  visiting 
the  lighthouses  round  the  coast,  in  company  with  those  who  had  the 
charge  of  them.     He  had  never  visited  so  many  lighthouses  before, 
and  he  was  greatly  pleased  with  the  admirable  manner  in  which  they 
structed  and  maintained.     He  was  glad  to  see  present  on 
thifl  don  their  Vice-President,  Sir  James  Douglass,  who,  as  the 

Engineer  of  Trinity  House,  had  charge  of  the  lighthouses  round  the 
coast.  From  the  position  that  he  occupied  he  was  specially 
ted  to  Liverpool  by  the  ship-owners  ;  and  the  inhabitants  of 
Liverpool  were  not  behind  the  rest  of  the  country  in  highly 
ap]  ting  Lis  successful  efforts    in    superintending  recently  the 

building  of  the  Eddystone  Lighthouse.     As  a  native  of  Liverpool, 
the  Members  would   not   be   surprised   that   he   naturally  thought 
L' .     pool  the  finest  city  in  the  world  ;  it  would  be  strange  if  he  did 
not.  and  he  was  proud  of  it  for  various  reasons.     Besides  what  he 
Loned  with  regard  to  the  armed  cruisers,  he  was  also 
thins,  thai    Bfi  wrs.  Laird  were  now  building  one  of  the 
:  battle  ships,  if  not  the  very  largest,  the  "  Royal  Oak," 
;  their  though  rituated  in  Birkenhead,  were  on 

i  ated  from  the  Corporation  of  Liverpool,  so  that  he  was 
claim  I  \»  longing  entirely  to   Liverpool.    On  their 

important  works  he  had  no  doubt  the  Members  would 
t   with  interest   the   fast  operations  involved   in   the 
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construction  of  that  largo  vessel.  He  was  particularly  pleased  to 
see  that  their  Member  of  Council,  Mr.  W.  H.  "White,  Assistant- 
Controller  and  Director  of  Naval  Construction,  was  also  present  to 
receive  the  hearty  welconiejwhich  Liverpool  had  to  offer  him.  All 
the  plans  connected  not  only  with  the  "  Royal  Oak  "  but  also  with 
the  armed  cruisers  had  undergone  his  examination  and  approval ; 
and  from  the  position  which  he  held  in  the  Admiralty  his  visit 
was  most  acceptable  to  Liverpool.  The  Members  having  assembled 
for  business,  he  would  conclude  by  offering  them  a  formal  welcome, 
which  he  did  in  all  sincerity  and  heartiness.  He  hoped  to  have 
the  pleasure  of  entertaining  them  at  the  Walker  Art  Gallery  in 
the  evening,  when  they  would  have  the  opportunity  of  seeing  the  art 
treasures  and  other  belongings  of  the  Corporation.  It  was  a 
satisfaction  to  him  to  inform  them  that  everything  which  would 
there  be  presented  to  them,  even  including  the  music,  pertained 
directly  to  Liverpool. 

The  President  said  the  Members  of  the  Institution  desired  to 
join  him  in  thanking  the  Mayor  and  his  Recejrtion  Committee  for 
all  the  pains  they  had  taken  to  render  the  present  visit,  as  it  would 
no  doubt  prove,  a  perfect  success.  The  Mayor  had  personally  taken 
a  great  deal  of  trouble,  and  they  sincerely  thanked  him  for  his  efforts. 
As  had  already  been  mentioned.  Mr.  Morgan  had  been  occupied  for 
Bom  3  in  London  with  himself  in  connection  with  the  telephone; 

he  had  indeed  been  the  chief  promoter  of  the  system,  and  had  mainly 
contributed  to  its  success.     It  was  ble  now  to  talk   beta 

L  tndon  and  Paris  and  1  London  and  Edinburgh,  as  well  as 

between  London  and  Liverpool  and  Manch<  could  truly 

say  that  tiny  were  mainly  indebted  t"  Mr.  Morgan's  for  the 

unment  of  this  result.  II  d<  sired  to  tender  to  the  Mayor  the 
Bin  Ifembers  for  what  had  been  done  on  their 

behalf;  and  fa  1  to  do  .  on  when  the j  had 

more  of  what  he  had  done  for  them. 

Tin:  Matob  replied  that  he  himself  hardly  d<  I  the  thanks 

which   had  I   him.    The  Executive  Committer    however 

•J   i    9 
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.       Mayor.) 

had  certainly  done  their  work  with  remarkable  energy ;  and  there 

were  two  gentlemen  especially  to  whom  he  thought  the  thanks  of  the 

31  mbera    were   chiefly   due,   namely   Mr.  West   and   Mr.  Daglish. 

Mr.    West's    untiring    energy   as    Honorary    Secretary    had    been 

nothing  unparalleled.     Though  he  had  come  in  contact  with  many 

.tkmen.  and  had  been  connected  with  the  organisation  of  various 

nd    works   of  construction,   he   had   never    come    across 

any  one  who  had  worked  so  much  in  harmony  with  himself,  and  so 

indcfatigably,  as  Mr.  "West.     They  were  also   greatly  indebted  to 

Mr.    Daglish   for  the  very  active  part  he  had  taken  as  Honorary 

Treasurer.     He  could  only  say  that,  if  it  should  be  his  good  fortune 

be   connected   with   any   similar  work  on  any  future  occasion, 

nothing  would  give  him  greater  pleasure  than  to  be  associated  with 

two  such  gentlemen. 

The  Minutes  of  the  previous  Meeting  were  read,  approved,  and 
signed  by  the  President. 


The  Pli.siokxt  announced  that  the  Ballot  Lists  for  the  election 
of  New  Members  had  been  opened  by  a  committee  of  the  Council, 
and  the  following  fifty-four  candidates  were  found  to  be  duly 
elected : — 


MEMBERS. 

William  Abdebson, 

V    AsHWOBTH, 

Bazlitt  Michael  Bbattt,    . 
I  Edwabd  Best, 

Q         SI    Bl&D,        .... 
SUB    Hi.       v    SUH  KBVl 

i    Brotherhood,  . 

Abthi  b  M<        I '    >w.\, 

(  i:m:  BOTTOHET  Bui 

(  ... 

I  U  vn:s,  . 
'  '  LED, 

. 


Stockton-on-Tees. 
Erith. 

(  ';i]><;  Town. 

London. 
London. 

London. 
London. 

Johannef  bi 
Bezwada,  India. 
Pernambuoo. 
Johannesburg. 
Birmingham. 
Wellington,  Salop. 
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Otto  Simon  Henry  Harcourt, 

Leeds. 

George  William  Hawksley, 

Sheffield. 

Thomas  Henderson, 

Liverpool. 

Frank  Grattldge  Hodges,  . 

Derby. 

Hugh  Wilson  Holman, 

London. 

Eobert  M.  Hughes,     . 

Liverpool. 

Lacey  Eobert  Johnson, 

Vancouver. 

Andrew  Johnston, 

Hong  Kong. 

Edward  Manisty,         . 

Dundalk. 

Edward  Charles  Eobert  Marks, 

Birmingham. 

Arthur  Latimer  McCredie, 

Sydney. 

George  McFarlane,    .... 

Glasgow. 

Thomas  de  Courcy  Meade,  . 

London. 

William  Charles  Melville, 

Liverpool. 

Eobert  Macmillan  Murdoch, 

London. 

George  North,  .... 

London. 

Eobert  J.  Paton, 

Campinas,  Brazil. 

Matthew  Paul,  Jun., 

Dumbarton. 

Henry  Handley  Pridham  Powles, 

London. 

Hugh  Eeid,         .... 

Glasgow. 

il.Nuv  John  Scott, 

London. 

Eobert  Julian  Scott, 

Cliristc-hurch,  X.Z. 

Jamba  Shbnton,  .... 

Hyde. 

Eussell  Sinclair, 

Sydney. 

John  Rene?  Smith, 

Liverpool. 

William  Spxnomb, 

Mancheel 

Jamxs  Btbyxnb,  .... 

London. 

Thompson,         .... 

Wolverhampton. 

T          V.     -    OABTH, 

Middlesbrough. 

J  <  -JIN  Whtttakbb, 

.     Oldham. 

'I'ii«. mas  WtldB]  .... 

Johanneebiu 

1              ... 

Sundi  rland. 

J06XPB    .l.\«  EMAV, 

Sheffield. 

Adam  M<  Bfzrov, 

Doagh. 

John    BaSBOUB   I'll. 

Carrickfi 
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GRADUATES. 

CirAi:i.i:s  Henry  Caswell,     . 
Svmeel  Cutler,  Jun.,  . 
Alered  Edwards  Douglass, 
Herbert  Francis  Edwards, 
Henry  Hodges  Mogg  Gregory,    . 
JosEm  Philip  Grace  Smith, 


Cardiff. 

London. 

London. 

Cardiff. 

London. 

London. 


The  following  Paper  was  then  read  and  discussed  :  — 
"A   Review  of  Marine  Engineering  during  the  past  decade";  by 
Mr,  Alfred  Blechynden,  of  Barrow-in-Furness. 

Shortly  after  One  o'clock  the  Meeting   was   adjourned   to   the 
following  morning. 


The  Adjoubkkd  Meeting  was  held  in  the  Concert  Room  of 
B     1.  Liverpool,   on  Wednesday,  29th  July    1891,  at 
■  /'•lock  a. in. :  Joseph  Tomeinson,  Esq.,  President,  in  the  chair. 

I       following  Pi  p<  re  were  read  and  discussed: — 
••  h  KriptioD  of  the  Warehouse  and  Machinery  for  the  Storage  and 
T  tnsit  of  Grain  at   the  Alexandra  Dock,  Liverpool";   by 
Mr.  William  Shapton,  of  London. 

E         mental  Marino  Engine  and  the  Alternative-Centre 
Ti  ;i<  in  the  Walker  Engineering  Laboratories  of 

1  I  .   Liv(  rpool  " ;  by  Prof*  -  or  II.  S.   IIei.e- 

l.      rpooL 

I  Appliances  employed  in  the  construction  of  the 

Manch<  '     Jul'"     by    Mr.     E.    LBADEB     Willi  \ 

1  bief. 
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The  remaining  Paper  announced  for  reading  and  discussion  was 
adjourned  to  a  subsequent  meeting. 


The  President  proposed  the  following  Votes  of  Thanks,  which 
were  passed  with  applause  : — 

To  the  Mayor  of  Liverpool,  Joseph  B.  Morgan,  Esq.,  for  his  personal  hospitalities, 
and  for  his  kindness  in  obtaining  the  grant  of  the  accommodation  of 
St.  George's  Hall  for  holding  the  Meeting  of  this  Institution. 

To  the  Reception  Committee — and  especially  to  the  Mayor  as  Chairman, 
Mr.  Thomas  B.  Eoyden,  M.P.,  as  Yicc-Chairman,  the  Honorary 
Treasurer  Mr.  Geo.  Heaton  Daglish,  and  the  Honorary  Secretary 
Mr.  Henry  H.  "West — for  the  admirable  arrangements  they  have  made 
for  welcoming  the  Institution  so  hospitably  in  Liverpool,  and  for  the 
convenience  and  enjoyment  of  the  Excursions  they  have  so  obligingly 
planned  for  the  Men, 

To  the  Owners  of  the  B.M.S.  "  Majestic,"  the  Directors  of  the  Liverpool  Grain 
S  rage  and  Transit  Company,  the  Directors  and  Engineers  of  the  Liverp  n  <\ 
Overhead  Railway,  the  Council  and  Senate  of  University  College,  the 
Mersey  Docks  and  Harbour  Board,  the  Directors  of  the  Mersey  Tunnel 
Railway,  M(  B8TB.  Laird  Brothers,  the  Directors  of  the  Lancashire  and 
Yorkshire  Railway,  the  Directors  of  the  Manchester  Ship  Canal,  and  the 
rest  of  the  Proprietors  through  whose  kind  invitations  the  Members  have 
i  enabled  to  enjoy  the  advantage  of  visiting  the  numerous  Engineering 
Works  and  other  Establishments  opened  to  their  inspection  during  the 
M  i  ting. 

I      the   Du  '   •       London  ft   North  Western  and  the  r<ancashir 

Yorkshire  Railways,  for  their  kindness  in  offering  special  facilitii 
the  E  over  their  Lin 

The    I'    :  :    that,    when    it    was    contemplated    that    the 

Institution  should  re-visii  Liverpool  this  Bummer,  m  booh  as  he 
heard  that  Mr.  Morgan  was  to  be  Mayor  he  went  to  Bee  him,  and 
ezpn  Bsed  ■  hope  that  the  Mayor  would  do  his  beet   to  assist 

Object     in    view.        lie    ivadily    and      cordially     B!  nd    the 

Members  had  now  witnessed  how  admirably  he  had  fulfilled  his 
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(The  President.) 

promise.  Tlicy  had  received  his  hospitality  at  yesterday  evening's 
entertainment ;  and  this  evening  he  would  receive  theirs  at  the 
Institution  Dinner,  at  which  he  hoped  that  as  many  of  the  Members 
as  possible  would  attend,  so  as  to  he  able  to  accord  to  him  then  a 
farther  expression  of  gratitude  for  all  he  had  done. 

The  Matob  of  Liverpool  said  he  was  very  glad  to  have  had  the 
« ipportunity  of  offering  hospitality  to  their  President  as  a  personal 
friend,  and  with  equal  heartiness  to  his  other  friends  among  the 
Mechanical  Engineers.  As  to  his  entertainment  of  the  Members  at 
iterday  evening's  "  At  Home,"  the  great  reward  to  himself  was  to 
find  that  they  had  all  enjoyed  it.  He  hoped  that  what  the  Members 
had  seen  of  Liverpool  had  pleased  them,  and  that  they  did  not  regard 
this  city  as  "  the  dark  spot  by  the  Mersey."  He  was  proud  of  the 
city,  and  felt  sure  from  what  he  had  heard  from  those  who  had 
attended  the  present  meeting  that  its  advance  in  mechanical 
improvement   and    in    other   ways    had   been   noticed   by  them  as 

icthing  remarkable.  He  was  glad  to  say  that  everything  they 
had  seen  on  the  previous  evening  belonged  to  Liverpool:  the  pictures 
and  hooks ;  the  gold  and  silver,  some  of  which  had  been  used  in  the 
Town  Hall  for  more  than  two  centuries;  the  pottery,  with  its 
magnificent  colouring,  the  art  of  which  had  been  lost — some  of  it 
made  on  the  site  of  the  Art  Gallery  in  which  they  had  then  been 

mbled,  and  some  made  at  the  Herculaneum  Works,  the  site  of 
which  was  now  occupied  by  docks,  in  consequence  of  the  great 
pTOj  that   had  taken  place  in   dock    extension.     All   the    things 

had  mentioned  were  the  property  of  the  citizens  of  Liverpool, 
who  were  always  proud   to  show  their  art   treasures,  and  to  welcome 

all  who  ap]  '1  them.     During  his  year  of  office  this  meeting  of 

I     titution  would  form  :i  red-letter  day,  which  lie  could  assure 

he   should   ;tlu;iys   remember  with  great  pleasure,  as  lie 

would  do  also. 

'I     •    I'  that,   in   connection   with    Hie  vote  of  thanks 

i  to  the    Reception   Committee,   h<-  wished 

pecially   to  draw  attention   to   the    exertions  of   the    Honorary 
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Treasurer,  Mr.  Daglish,  and  the  Honorary  Secretary,  Mr.  West. 
With  regard  to  Mr.  West,  he  knew  that  he  had  worked  indefatigably 
for  the  Institution  at  the  sacrifice  of  his  own  personal  business ;  he 
had  done  everything  in  his  power  to  ensure  the  success  of  this 
meeting  in  Liverpool,  and  its  success  was  largely  attributable  to  his 
untiring  exertions. 

The   vote   of  thanks   was   acknowledged   by   Mr.  Daglish  and 
Mr.  West. 

The  Meeting  then  terminated  shortly  after  One  o'clock.     The 
attendance  was  305  Members  and  G7  Visitors. 
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A  REVIEW  OF  MARINE  ENGINEERING 
DURING  THE  PAST  DECADE. 

Br  Mr..  ALFRED  BLECHYNDEX,  of  Barrow-ix-Furness. 


The  Institution  has  previously  had  two  papers  dealing  with  the 
progress  of  Marine  Engineering: — that  by  Sir  Frederick  Bramwell, 

1  at  the  meeting  in  this  city  in  1872 ;  and  that  by  Mr.  Francis 
C.  Marshall  in  1881.  The  writer  purposes  now  to  review  briefly 
the  progress  from  the  latter  date  until  the  present  time. 

The  results  of  Mr.  Marshall's  investigations  were  that  tho 
type  of  engine  then  employed  was  the  two-stage  expansion 
compound;  and  from  a  series  of  examples  of  performances  of  such 
engines  lie  found  that  in  long  sea  voyages  on  the  average  the 
boiler  pressure  was  77*4  lbs.  per  square  inch,  the  piston  speed 
7  feet  per  minute,  the  heating  surface  per  indicated  horse-power 

17  square  feet,  and  the  consumption  of  coal  per  indicated  horse- 
power 1*828  lbs.  per  hour.  No  mention  was  made  by  him  of  the 
thru  expansion  engine,  although  at  that  time  at  least  two  had 

cmstructed,  and  had  worked  successfully  for  seven  years. 
Thi  are    the    engines    of   the    "  Propontis,"    with    cylinders    23 

in*}:--.  1 1  |  inches,  and  62J  inches  diameter,  by  42  inches  stroke, 
OOU  I    by  M  John  Elder  and  Co.  to  tho  designs  of  Mr. 

A.  ('.  Kirk;  and  those  of  the  "  Sexta,"  constructed  at  tho  Ouscburn 
I.  V.  astle-on-Tyne,  to  the  specification  of  Mr.  A.  ( '. 

.•iklin,  then  of  London,  with  cylinders  of  11  inches,  17  inches, 
<  !■.  by  18  indies  stroke,  as  illustrated  in  Figs.  1 

i   J.   I'!;;'  Both  Of  these  fngiw^a  vara  anmmannaA  in   1878,  and 

,  in  1  -71,  rod  m  re  of  the  three-crank  type  usually  built  now. 

1881  the  tl  \']>ansion  engine  lias  become  the  rale, 

rod  the  boiler  ]  hi    been  increased  to  160  lbs.  and  even  as  high 

inch.     Four-stage  expansion  engines  of  various 

for:  od  many  ohanges  have  been   made  in 
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other  respects,  necessitated  by  increased  pressure  or  by  desire  for 
increased  economy  or  power.  In  dealing  with  the  changes  made 
during  the  last  ten  years,  it  will  be  best  to  commence  with  the 
furnace,  and  to  proceed  from  the  boiler  to  the  engine. 

Forced  Draught. — Ten  years  ago  the  principle  known  as  forced 
draught,  so  far  as  marine  engineering  in  this  country  was  concerned, 
had  been  practically  confined  to  torpedo  vessels,  and  the  writer 
believes  to  three  cruisers,  each  of  about  2,850  horse-power,  though 
it  had  long  been  employed  in  steamers  on  American  waters. 
Since  then  it  has  become  the  rule  in  all  vessels  for  naval  service, 
and  comparatively  common  in  both  passenger  and  cargo  vessels.  By 
this  means  it  is  possible  considerably  to  augment  the  power  obtained 
from  a  given  boiler  ;  and,  so  long  as  it  is  kept  within  certain  limits, 
it  need  result  in  no  injury  to  the  boiler,  but  when  pushed  too  far 
the  increase  is  sometimes  purchased  at  considerable  cost. 

There  are  several  methods  by  which  the  principle  may  be 
practically  applied.  In  the  earlier  cases  in  this  country  closed 
stoke-holds  were  adopted,  the  air  being  delivered  into  them  by  fans, 
at  a  pressure  varying  from  about  1  inch  to  3  inches  of  water.  This 
arrangement  certainly  lias  the  merit  of  keeping  tho  stoke-holds  cool, 
and  its  details  are  simple;  but  it  is  dirty,  and  where  banker  d< 
are   not    well    fitted,    great    discomfort    may    be    caused    on    deck. 

-ihly  also  it  is    not   quite    so    economical   as    the    dosed    ashpit 
:    but  such   exact   data  as   exist    of  its    working  indicate   that 

with  d  air-pressure  it  is  at  least  no   lees  economical  than 

natural    draught.       In    America    it    was   Customary    to    close  in    the 

ashpits,  and  take  the  delivery  tubes  from  the  fans  into  them.     T\ 
though  involving  more  ashpit  iitti:.  linly  advanl  -  so 

far  i  "  i  ooncerned;  the  furnaces  arc  also  not  subjected 

t<>  t  ins  caused  by  the  inrush  of  odd  air  which  occurs 

daring  firing  with  closed  Btoke-holds.  As  often  fitted  it  has  the 
disadvantage  of  making  rather  a  hot  stoke-hold,  though  with 
sufficient  precautions  there  is  no  reason  why  the  ventilation  should 
not  be  made  i  by  taking  the  air  through  the  stoke-holds.     In 

the  earlier  American    experimi  I  bi         d's    Ex]  tal 
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Researches,  vol.  2,  trials   of  gunboats   of  "Chippewa"  class,   and 
••  Fulton")  the  ail  was  introduced  into  the  ashpits  by  pipes  at  their 

k  ends. 

The  principle  of  forced  draught  has  also  been  carried  out  by 
placing  a  tan  in  the  uptake,  and  exhausting  through  the  furnaces. 
This  plan  has  the  great  advantage  of  dispensing  with  the  elaborate 
furnace  fittings  common  to  the  undergrate  systems ;  and  according 

the  researches  of  Dr.  Tyndall  on  combustion  in  condensed  and 
attenuated  atmospheres,  it  should  result  in  a  more  perfect  combustion, 
but  how  far  this  is  realized  in  practice  has  not  come  within  the 
writer's  experience. 

In  regard  to  the  economy  of  forced  draught,  an  examination 
of  Table  5  (appended)  will  show  that  while  the  mean  consumption 
of  coal  in  those  steamers  working  under  natural  draught  is 
1*573  lbs.  per  indicated  horse-power  per  hour,  it  is  only  1*336  lbs. 
in   those   fitted   with   forced   draught.      This   is   equivalent   to   an 

iiomy  of  15  per  cent.  Part  of  this  economy  however  may  be  due 
to  the  other  heat-saving  appliances  with  which  the  latter  steamers 

fitted.     But  independently  of  the  economy  of  forced  draught  in 

:ively    to    power,   it    is    like    all    economies    in    marine 

engineering,  simply  a  question  of  the  comparative  cost  of  carrying 

a  given   freight  at  a  given  speed :  in  other  words,  it  is  a  question 

of  the  total  expenses  of  carrying  the  freight  with  the  help  of  forced 

draught,  as  against  the  total  expenses  with  natural  draught.     It  is 

not  a  mere  matter  of  coal  consumption,  which  is  only  one  of   the 

to  make  up  the  total.     Assuming  indeed  that  the 

ptiou  ( f  '"ill  per  horse-power  is  not  less  with  forced  than 

witli   Datura]  draught,  then,  since  with  forced  draught  it  is  possible 

8D   power  from    a   smaller   boiler   and  eonsequently 

with  a  smaller  weight  than  with  natura]  draught,  here  is  at  once  a 

Domy,  because  the;  difference  in  freight  may  be  made 

i.j.  in  freight      Such  evidence  as  exists  shows  that  not  only  is  forced 

draught  n  onomica]  as  regards  quantity  of  coal,  but  by  its 

,il  maybe  used  u  would  Dot  without  it  be 
rth  putting  on  board      It  is   in  tin's  direction  perhaps  that  the 
followed  it-  employment. 
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Thus  far  the  following  would  appear  to  be  a  fair  summary  of  the 
advantageous  points  attending  the  use  of  forced  draught.     First,  it 
seems  fairly  well  established  that,  if  the  boilers  are  well  constructed 
and   are    provided    with  ample   room    to    ensure    circulation,    their 
steaming  power  may  without  injury  be  increased  to  about  30  or  40 
per   cent,    over    that    obtained    on    natural   draught   for    continuous 
working,  and  may  be  about  doubled  for  short  runs.     Secondly,  such 
augmentation    is    accompanied   in   normal   cases    by   an   increased 
consumption  per  indicated  horse-power.     But  thirdly,  the   same  or 
even  greater  power  being  indicated,  it  may  with  moderate  assistance 
of  forced  draught  be  developed  with  a  smaller  expenditure  of  fuel, 
the    grates    &a    being    prtmerly    proportioned.       Fourthly,    forced 
draught  enables  an   inferior  fuel   to  be   used.     And    fifthly,  under 
certain   conditions    of  weather,    when    with    normal    proportions   of 
boiler  it  would  be  impossible  to  maintain  steam  for   the   ordinary 
speed    with   natural    draught,  the  normal    power    may  with    forced 
draught    be    ensured.      In    particular    cases    any    or    all    of   these 
advantages  may  be  a  source  of  economy;  and  the  first  of  them  E 
render  possible  that  which  would  otherwise  be  impracticable. 

As  now  adopted  in  the  navy,  forced  draught  is  purely  an 
auxiliary  intended  for  use  under  special  circumstances.  When  a 
maximum  power  and  speed  are  required  only  occasionally,  or  when 
the    vessel    IS   intended  for  cruising  in  hot    climates,   OX  under  such 

iditions  of  weather  a-    to    impair    the  natural-draught    power,   in 

eh  cases  Li   Is  a  i  osi  important  source  of  economy.     Vessels  of 
tin  \hich  are  required  in  case  of  Qeoessity  to  develop 

1,000  horse-power,  while  the  usual  cruising  speed  of  about 
10  or  12  knot-  requires  only  from  1,000  to  1,500  horse-power,  are 
rendered   possibL  I   by  the  adoption  of  foi 

draught      Th<  it  trouble-  with  naval  machinery  in  vessels  of 

the  ••  Bai  rao    •      class  have  done  much  to  i  opinions  in  rei 

to  this  problem.     Bu1  looked  at  calmly  it  becomes  evident  that  the 
ea>  troubles  an-  altogether  apart  from  the  questioi 

forced  draugl  I  and  simple,  and  are  rather  questions  of  boiler 

cl  -I  :i.      So  Ion  ample 

internal    circulation,    ample    capacity   of    ftu  and   combustion 
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chamber,  and  so  proportioned  that  the  surfaces  of  the  furnaces  and 
combustion  chambers  were  sufficient  to  absorb  a  large  proportion 
of  the  heat  before  the  products  of  combustion  reached  the  tubes, 
and  above  all  so  that  the  tube  plates  were  protected  from  direct 
impact  of  the  intense  radiant  heat  from  the  incandescent  mass  of 
the  fire,  no  serious  trouble  ensued.  In  the  recent  cruisers  built 
under  the  Xaval  Defence  Act  of  1889,  a  separate  combustion-chamber 
to  each  furnace  has  been  adopted  with  perfect  success. 

Boiler. — It  is  impossible  to  chronicle  much  change  in  the  form 
of  the  marine  boiler  as  designed  for  ordinary  service;  but  both 
Messrs,  Thornycroft  and  Messrs.  Yarrow  have  given  their  attention 
to  water-tube  boilers,  with  the  object  of  lightening  weights  and  so 
rendering  higher  speeds  attainable  in  small  vessels.  These  boilers 
doubtless  have  the  merit  of  lightness  ;  but  unless  there  are  never  less 
tli an  two  in  one  ship,  so  arranged  that  one  boiler  can  readily  be  shut 
nil*,  they  can  be  of  little  use  in  ordinary  service,  as  the  failure  of  one 
tube  is  the  failure  of  the  whole  boiler  of  which  it  is  a  part ;  whereas 
in  an  ordinary  boiler  a  tube  may  give  out,  and  cause  no  more  trouble 
than  that  involved  in  inserting  a  stopper.  If  however  tubulous  boilers 
wen  used  in  numbers  and  separable,  they  might  be  made  serviceable 
for  the  mercantile  marine,  and  might  give  the  shipowner  a  few  more 
tons  dead  freight,  and  so  make  remunerative  what  might  otherwise  be 
B  loss.     One  of  the  great  advantages  however  of  boilers  of  this  type, 

oely  the  small  weight  of  water  they  carry,  is  attended  by  what 
might  prove  a  serious  drawback,  inasmuch  as  they  have  to  be  fed  and 
worked  frith  greater  care;  whereas  the  large  cylindrical  boiler, 
which  contains  a  large  reserve  of  water,  will  admit  of  a  Little 
irregularity.  JJut  to  set  against  this,  there  is  the  probability  that  the 
<;  might  not  be  so  serious  in  the  water-tube  boiler,  if  the  water 

me  low.     Moreover  by  the   use  of  slow-working 

independent  feed-pumps  there  is  no  reason  irhy  this  possible  source 
trouble  should  not  be  overcome. 

Though  no  particular  change  can  be  recorded  In  the  general 
i  of  the  marine  boiler,  the  change  of  materia]  used  and  the 

advance    which   has  taken   place    in    the    application   of   tools 
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to  boiler-making  cannot  pass  without  notice.  As  a  material  for 
boilers,  iron  is  now  a  thing  of  the  past,  though  it  seems  probable 
that  it  will  continue  yet  awhile  to  be  the  material  for  tubes. 
Steel  making  has  moved  on  apace,  so  that  now  plates  can  be 
procured  of  132  square  feet  superficial  area  and  1J  inch  thick. 
Mechanical  appliances  have  been  greatly  improved.  All  flanging, 
tapping,  tubing,  and  staying,  and  in  some  works  practically  all 
riveting,  are  the  work  of  machines ;  and  a  practical  calking 
machine  seems  not  quite  an  improbability.  On  the  other  hand, 
for  purely  boiler  work,  a  punching  machine  has  happily  become 
obsolete  in  marine  engine  works.  In  view  of  these  facts  and  of 
the  ever-increasing  knowledge  of  the  structure,  the  Board  of 
Trade  and  Lloyd's  have  relaxed  some  of  the  rules  by  which 
manufacturers  were  "  guided,"  if  not  perhaps  somewhat  hampered ; 
and  have  made  considerable  modifications  in  their  scantlings.  It  is 
questionable  however  whether  these  bodies  might  not  with  safety 
still  further  modify  their  rules,  and  reduce  the  thickness  of  shells, 
and  lower  the  tests  relatively  to  working  pressures.  For  some  years 
past  boilers  have  been  built  for  the  Royal  Navy  with  shells  18  per 
cent,  thinner  than  required  by  the  Board  of  Trade  and  Lloyd's  rules, 
and  the  test  pressure,  instead  of  being  double  the  working  pressure, 
is  only  90  lbs.  above  it;  and  these  boilers  have  proved  perfectly 
satisfactory  in  respect  of  strength.  While  18  per  cent  lighter,  it 
must  not  be  supposed,  in  the  case  of  thick  plates  at  least,  that  they 
are  weak  in  proportion  ;  because  the  difficulties  of  manufacture  and 
probabilities  of  defects  in  the  plates  increase  so  rapidly  with 
thickness,   that  it   is   doubtful    whether   the    dififi  tehi 

repn  sents  with  any  degree  of  approximation  the  differer  rength. 

This  appears  to  be  the  view  of  the  Board  of  Trade  whose  rules 
require  all  heavy  plates  to  be  subjected  I  This  subject 

-  introduced  by  Mr.  Richard  Senn<  meeting  of  the  Institution 

of  Naval  Architects  in  L888;  and  Mr.  John  Scott  of  Greenock, 
liberally  taking  action  in  the  matter,  subjected  to  hydraulic  pressure 
a  boiler  shell  built  to  Admiralty  requirements,  with  the  result  that 

he  proved    with   suhMcient    clearness    that    the   clastic    s^cngth    of  the 

structure  was  oapabL  standing  at    least   double  the   working 
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3sure   for   which    the    boiler    was   designed.       Without    further 
discussing  this  question  at  the  present,  it  appears  to  the  writer  that 
the  time  has  arrived  when  the  Board  of  Trade  and  Lloyd's  should 
ler  their  rules  in  these  respects. 
The  increased  pressures  of  steam  have  also  caused  attention  to 
be  directed  to  the  furnace;  and  have  led  to  the  adoption  of  various 
artifices  in  the  shape  of  corrugated,  ribbed,  and  spiral  flues,  with 
the  object   of  giving   increased   strength   against   collapse   without 
abnormally  increasing  the  thickness  of  the  plate.     As  is  well  known, 
a    thick    furnace-plate    is   viewed   by   many   engineers   with    great 
suspicion ;    and   meanwhile  the   advisers   of  the   Board   of   Trade, 
perhaps   with   great  wisdom,  have  fixed  the  limit  of  thickness  for 
iurnace-plates  at  §  inch  ;  but  whether  this  limitation  will  stand  in 
the    light  of  prolonged   experience  remains   to  be    seen.      It   is   a 
fact   generally  accepted   that   the   conditions  of   the    surfaces  of  a 
plate  are  far   greater  factors  in  its  resistance  to   the  transmission 
heat   than   either   the   material  or  its  thickness.      In  1878   the 
writer  made  a  number  of  experiments  on  the  transmission  of  heat 
through    brass   and   iron   boiler-tubes,    the   results   of  which    went 
t<>  show  that,  just  so    long   as   the    surfaces  were  perfectly  clean, 
the  brass  tubes  were  considerably  more  effective ;  but  immediately 
they  were  reduced  to  the  ordinary  working  condition  of  boiler  tubes 
there    was   no  appreciable   difference   in   their  efficiency.     In  1867 
I  tried    experiments  with    plates   of   }    inch,  i  inch,  and 

b    thick         :     and    he    found    that    the    thickness    made   no 
in   the  result,  so  far  as  lie  was  able  to  detect.     From  the 
<    of  the  transmission  of  heat  through  thin  platen  and 
along  L1   has  been  estimated  that  the  resistance-  of 

th.  lien   fairly  clean  are  about  '.)7!  per  cent,  of  the  whole 

for  a  ),  inch  steel  or  iron  plate  :  so  that,  granted  a  plate  free  from 
lamination,   thickni       being  a   mere  Becondary  element,   it    would 
thus  appear  that  a  funnier  plate  might  be  increased  from   .',    inch 
:   inch   t;  ithont   increasing   i  ice   more   than 

fj  <  I   have  some  engineers  become  of  tin 

ofpi  that  they  hare  adopted  flues  j  inch   thick. 

those    who    have    had    the    COUTSge    to    take    tliis    step 
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Mr.  Alexander  Taylor,  of  Xewcastle-on-Tyne,  who  reports  that  after 
five  years'  work  such  flues  have  given  unqualified  satisfaction. 

In  the  matter  of  mere  size,  there  has  not  been  much  increase 
over  boilers  made  many  years  ago ;  on  the  contrary,  the  increased 
pressures  adopted  have  tended  to  cause  a  reduction  in  size.  It 
is  questionable  whether  such  large  boilers  as  those  of  the 
"Wyoming"  and  "Wisconsin,"  of  16 J  feet  diameter  and  23  feet 
length,  will  ever  again  be  produced.  On  the  other  hand,  as  the 
higher  pressures  have  caused  thicker  scantlings,  the  larger  boilers 
have  become  very  heavy.  The  boilers  of  the  R.M.S.  "Empress  of 
India,"  which  were  1G  ft.  3  ins.  diameter  by  19  ft.  6  ins.  long, 
weighed  85  tons  each,  without  furnace  fittings  or  mountings  of  any 
description. 

Engine. — The  change  from  the  principle  of  two-stage  expansion 
to  that  of  three  and  of  four  stages  has  been  attended  with 
corresponding  modifications  in  the  engine.  Though  the  first  two 
of  the  three-stage  expansion  engines  were  of  the  three-crank  type 
which  has  now  become  the  standard,  yet  in  the  earlier  east-coast 
engines  which  were  introduced  by  3Ir.  Alexander  Taylor  in  1881 
the  engine  was  simply  the  two-crank  engine  with  another  high- 
pressure  cylinder  added  tandem  to  the  first  cylinder,  Fig.  3,  Plate  61 ; 
and  for  a  year  or  two  favours  seemed  divided  between  the  three- 
crank  engine  and  the  two-crank  tandem,  the  first  cylinder  being 
tandem  sometimes  with  the  second  and  sometimes  with  the  third. 
In  recent  years,  the  tandem  triple  seems  to  have  disappeared, 
except  in  cases  of  tripling  old  engim 

But  perhaps  tho  desire  to  economise  in  length  of  engine  has 
giv>  to  more  varieties  of  arrangement  than  any  other  single 

For   this  purpose,  combined  with   the  aim  of  making  them 
more  accessible,  the    valves    have   h  .    •. .   1    from    the  foro  and 

aft  centre  line  and  placed  behind  oi  in   front,  ami  worked   cither  by 
one  of  the  numerous  form-  of  radial  val  .  .  or  by  the  link-motion 

and  levers.      It   i->  true  that  by  >uch   an   arrangement  the  length  0 
the    oylinden    can    be    diminished;   hut    M   tho  extent   to   which   tho 
fliftfUHTfll    between    the    centres    can    be    reduced    i->    limit.  1    by  the 
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lengths  of  the  shaft  bearings  and  the  thicknesses  of  the  cranks  and 
couplings,  little  can  be  gained  below  the  cylinders  by  this  means. 
However,  where  length  of  hatch  is  important,  such  an  arrangement 

its  value,  as  have  also  the  two  arrangements  of  cylinders  shown 
in  Figs.  4  and  5,  Plate  61.  In  Figs.  6  to  11,  Plates  61  and  62, 
are  illustrated  a  variety  of  arrangements  of  three-stage  expansion 
engines.  In  the  application  of  the  three-stage  expansion  principle 
to  paddle  engines,  Mr.  Eodger's  arrangement  of  oscillating  engine, 
Figs.  12  and  13,  Plate  63,  is  most  interesting,  and  has  been  found  to 
work  most  satisfactorily. 

Of  four-stage  expansion  engines,  the  oldest  type  is  that  made  by 
Messrs.  Denny  and  by  the  Barrow  Shipbuilding  Co.,  Fig.  17,  Plate  64, 
which  consists  simply  of  two  pairs  of  cylinders  working  tandem. 
Messrs.  Richardson  of  Newcastle  adopt  a  four-crank  engine,  Fig.  18. 
Messrs.  Fleming  and  Ferguson's,  Fig.  20,  consists  of  two  pairs  of 
<  Winders  working  two  cranks  by  means  of  a  pair  of  triangular 
frames  ;  this  is  similar  in  principle  to  Mr.  Bernays'  engine,  Fig.  19, 
illustrated  in  the  discussion  upon  Mr.  Thornycroft's  paper  on  high- 

ed  steam  navigation  (Institution  of  Civil  Engineers,  vol.  lxvi, 
1881,  page  147). 

Two  of  the   most   common   types   of  triple   engines   are   those 

shown  in  Figs.  21  and  22,  Plate  65,  with  the  cylinders  arranged  in 

the  sequence — high,  intermediate,  low;  the  condenser  forms  part  of 

the  engine  framing,  and  the  pumps  are  placed  at  the  back  of  the 

er,  and  worked  by  levers.    In  the  smaller  engines,  Fig.  21,  the 

are  rigidly  bolted  together  ;  but  in  the  larger,  Fig.  22,  they 

•    I  only  by  a  pair  of  bar  stays  fixed  to  their  centres. 

This   is   OOStomary  in   order  to  prevent  the  extension  of  the  distance 

\lien    the  engines  arc  heated  ;  but  it  is  a  point 

which  appears  more  important  in   theory  than    in  practice,  and  it 

doubtful    whether  the  greater  rigidity  of  the  bolted   cylinders 

in  the   imalleT  engi  not  ■  much  more  important  feature  in 

rk. 

Jn  the  navy,  where,  owing  to  the  necessity  for  arranging  all 

low    tl  r     Line    in     unprotected    vessels,    the 

engine  formerly  n  igned  almost  supreme,  vertical  engines 
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are  now  almost  uniformly  adopted,  and  the  necessary  protection 
for  the  cylinders  is  obtained  by  an  armoured  hatch.  In  the  later 
designs  the  larger  engines  are  made  open-fronted,  Figs.  23  and  24, 
Plates  66  and  67,  with  standards  of  cast-steel  at  the  back  and 
wrought-steel  pillars  in  front.  Feed,  bilge,  and  circulating  pumps 
are  worked  by  separate  engines.  For  the  air-pumps  also  separate 
engines  have  sometimes  been  adopted,  and  they  possess  great  merits 
for  manoeuvring  purposes,  as  the  vacuum  can  be  maintained  and  the 
condenser  kept  clear  of  water  while  the  main  engines  are  standing, 
and  the  latter  are  thus  ready  to  answer  more  instantly  any  order 
which  may  be  given.  With  the  three-crank  engine  however  this 
is  of  less  importance  than  with  the  two-crank  type. 

In  modern  cruisers,  which  are  designed  with  the  view  of 
steaming  upon  emergency  at  a  very  high  speed  and  ordinarily  at 
about  half  that  rate,  the  engines  become  much  too  large  for  the 
power  developed  at  slow  speeds,  and  in  consequence  are  not 
economical  under  the  ordinary  condition  of  working.  In  larger 
vessels  this  difficulty  is  met  by  separating  each  set  of  propelling 
engines  into  two  sets  of  half  the  capacity,  the  one  forward  of  the 
other,  and  so  arranged  that  the  forward  set  may  be  disconnected 
and  the  after  set  left  to  do  the  work.  The  propelling  engines  of 
the  Italian  cruisers  "  Lepanto,"  "  Italia,"  "  Re  Umberto,"  and 
■  Sardegna,"  and  of  the  British  cruisers  "Blake  "  and  u  Blenheim," 
have  been  arranged  on  this  plan.  In  smaller  cruisers  no  such  plan 
has  been  adopted,  so  far  as  Hie  writer  knows,  nor  would  it 
be  convenient  with  the  limited  room  arailable;  but  something 
almost  equivalent  might  without  much  difficulty  be  contrived,  such 

using   the  high  and   intermediate   cylinders  as  ■   two-cylinder 

Compound     engine,    and     disconnecting     the    low-pressure    cylinder. 

which  would  require  to  be  placed  forward.     Such  an  arrangement 
shown    in  I  ''iS    and   69.      A   similar 

arm  writer    hums    has  proposed    by 

Mr.  Hacfarlane  Gray  (Institution  of  Naval  Architects,  Transact] 

Tl:<  tails  of  •  ine   have   not   undergone  manv 

modifies!  I  ut  -till  they  have  Dot  remained  without  clue 
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Pistoii-Valcrs.  —  Since  higher  steam-pressures  have  become 
common,  piston-valves,  which  were  referred  to  in  the  discussion  upon 
Mr.  Marshall's  paper  (page  491),  have  become  the  rule  for  the  high- 
pressure  cylinder,  and  are  not  unusual  for  the  intermediate.  When 
well  designed  they  have  the  great  advantage  of  being  almost  free  from 
friction,  so  far  as  the  valve  itself  is  concerned.  In  the  earlier  piston- 
valves  it  was  customary  to  fit  spring  rings,  which  were  a  frequent 
source  of  trouble  and  absorbed  a  large  amount  of  power  in  friction ; 
but  in  the  writer's  recent  practice  it  has  become  usual  to  fit  springless 
adjustable  sleeves,  such  as  are  illustrated  in  Figs.  14  to  16,  Plate  63. 
For  this  plan  he  is  indebted  to  the  suggestion  of  Mr.  James  Thompson 
of  the  Pacific  Steam  Navigation  Co.  These  sleeves  have  all  the 
advantages  of  the  solid  ring,  so  far  as  their  freedom  from  friction 
is  concerned ;  and  in  case  of  leakage  they  can  with  ease  be  adjusted  by 
lining  up  at  their  joints.  In  smaller  engines  the  same  springless  ring 
has  been  used  for  the  pistons  of  the  high-pressure  and  intermediate 
cylinders.  It  may  not  give  such  absolute  steam-tightness  as  the 
>pring  ring  ;  but  any  little  leakage  can  be  picked  up  in  the  low- 
pressure  cylinder,  and  such  very  slight  loss  of  efficiency  as  may  be 
due  to  this  cause  should  be  fairly  well  compensated  by  the  diminished 
friction  of  the  valves.  For  low-pressure  cylinders  the  writer  is  not 
amch  in  favour  of  piston- valves :  if  fitted  with  spring  rings  their  friction 

tbouf  as  great  and  occasionally  greater  than  that  of  a  well  balanced 
slide-valve  ;  while  if  fitted  with  springless  rings  there  is  always 
sou.  which  is  irrecoverable.     But  the  large  port-clearances 

sparable  Cram  the  use  of  piston-valves  arc  most  objectionable; 
and    with    triple  engffi4  I    tliis    is    especially    so,    because    with    the 

ternary  late  cut-oft*  if   becomes  difficult  to  compress  sufficiently 
economy  and  smoothness  of  working  when  in  "full 

■  ir,"  without  some  special  device. 

Vc       I      /•.    Tliis  subject  lias  received  tnuoh  Attention    About 

1880  Men-  ad  W.  Hawthorn,  the  firm  with  which   the  writes 

was  then  connected,  commenced  the  use  of  a  form  of  the  Baokworth 

of  which  lome  modification  wai  fitted  to  Dearly  all  of  their 

beeqnenl  I  1880,  page  480).    About  the  same 
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time  Mr.  Joy  introduced  his  valve-gear,  which  is  nearly  if  not  exactly 
the  same  in  principle  as  one  of  the  numerous  forms  tried  by  Mr. 
Charles  Brown.  The  apparent  and  direct  advantages  were :  more 
nearly  mathematically  accurate  distribution  of  steam  ;  constant  lead ; 
and  fewer  parts.  Indirectly  these  valve-gears  have  the  advantage 
of  shortening  the  engine,  over  the  cylinders  at  least,  because  in  their 
adaptation  to  the  engine  the  valves  are  removed  from  the  centre  line 
to  the  front  or  back,  whereby  also  they  are  rendered  more  accessible. 
These  advantages  having  turned  attention  to  the  matter,  the 
forms  of  radial  valve-gear  became  "  legion."  But  the  old  fashioned 
link-motion,  though  it  seemed  for  a  time  likely  to  disappear,  still 
holds  its  own,  and  in  all  probability  will  continue  to  do  so.  In  the 
distribution  of  steam  it  may  not  be  so  mathematically  accurate  on 
paper ;  but  practically  the  effect  is,  or  can  be  made,  as  good  as 
with  the  best  radial  valve-gear.  It  does  not  give  constant  lead 
when  linking  up  ;  but  constant  lead  is  not  the  ideal  of  perfect 
valve-setting.  A  constant-lead  angle  of  the  crank  is  more  nearly 
what  is  required,  for  which  a  diminishing  lead  in  the  valve  with 
linking  up  is  the  necessary  condition.  The  old  link-motion  lends 
itself  readily  and  gracefully  to  any  modifications  which  may  be 
suggested  by  changes  in  the  condition  of  working;  the  radial  forma 
do  not.     Besides  this,  the  link-motion  admits  of  simple  geometrical 

treatment,  which   is  generally  undcrst 1  even   in  the  engine  room, 

and  is  consequently  a  safer  arrangement  in  the  hands  of  the  men 
found    there.       For     high-Bpeed     engines     the    writer     has     strong 
objections  to  radial  valve-gear,  m  to  any  motion  not   the  most  dim 
possible.    It  is  true  such  gears  ;irc  frequently  fitted  to  higjh-sp 
engines;  and  in  some  horizontal  engines  for  the  navy,  when 

importance,  they  became  almost  ■  necessity.     I  Jut 
the  Midden  shocks  to  which  the  parti  arc  subjected   arc   liable  to 
oaiderable  spring  in  the  Levers,  of  which  such  gears  Largely 
con  e  in  some  enginee  bo  designed  the  readings  of  valve 

■ettmgi  arc  no  gnidV  ai  to  what  ocean  when  the  engines  ere  si  work* 
Though  this  may  be  overcome  by  adding  weight  to  the  parts,  yet 
when  made  sufficiently  strong  to  be  perfectly  satisfactory  the  writ 

veiitun  that  the  link-motion  Will  he  the  Lighter  of  the  two. 
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'  mk-Shaft. — For  ordinary  mercantile  ships  the  solid  crank- 
shafl  has  become  a  tiling  of  the  past.  As  now  built  up  of  separate 
pieces  shrunk  together,  the  crank-shaft  is  sounder  and  far  more 
reliable,  though  it  is  a  little  heavier. 

Centrifugal  Pumps  have  been  more  commonly  adopted  than 
formerly  for  circulating  purposes,  and  with  great  wisdom,  as  they 
offer  the  advantage  of  keeping  a  cool  condenser  at  all  times,  and  may 
be  used  as  a  powerful  auxiliary  in  case  of  bilging. 

Steam-Pipes. — The  failures  of  copper  steam-pipes  on  board  the 
"  Elbe/'  "  Lahn,"  and  other  vessels,  have  drawn  serious  attention 
both  to  the  material  and  to  the  modes  of  construction  of  the  pipes. 
The  want  of  elastic  strength  in  copper  is  an  important  element 
in  the  matter ;  and  the  three  following  remedies  have  been 
proposed,  while  still  retaining  copper  as  the  material.  First,  in 
view  of  the  fact  that  in  the  operation  of  brazing  the  copper  may  be 

iously  injured,  to  use  solid-drawn  tubes.  This  appears  fairly  to 
meet  the  main  dangers  incidental  to  brazing;  but  as  solid-drawn 
pipes  of  over  7  inches  diameter  are  difficult  to  procure,  it  hardly 
meets  the  case  sufficiently.  Secondly,  to  use  electrically  deposited 
tabes.  At  first  much  was  promised  in  this  direction;  but  up  to  the 
present    time    it    can   hardly  be   regarded   as   more    than    in    the 

<  omenta]  stage.  Thirdly,  to  use  the  ordinary  brazed  or  solid - 
drawn   tabes,  and   to  reinforce  them  by  serving  with  steel  cord  or 

al  or  copper  wire,  or  by  hooping  them  at  intervals  with  steel  or 
iron  bands.  These  hare  been  tried,  and  found  to  answer  perfectly. 
I        soonomica]    reasons   connected  with   winding,  as  well   us  for 

Bring  the  minimum  of  torture  to  the  iniitcriiil  during  manufacture, 
it  if  important  to  mi  few  bends  as  possible;  but  in  practice 

mueh  less  difficulty  hs    been  experienced  in  serving  bent  pipes  in  ;i 
bine  than  would  have  been  expected. 

D         i       i     ;■  been  proposed  to  substitute  steel  or  iron. 

i'  the  higher  pressures  Mr.  Alexander  Taylor 

sdopted  wroogh t-iron  Cor  steam-pipes.   One  fitted  in  the"01aremont" 

in    February    L882  recently   removed    from    the   vessel    for 
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experimental  purposes,  and  was  reported  upon  by  Mr.  Magnus 
Sandison  in  a  paper  read  before  the  North-East  Coast  Institution  of 
Engineers  and  Shipbuilders  (Transactions  vol.  7,  1890-91,  page  113). 
The  following  is  a  summary  of  the  facts.  The  pipe  was  5  inches 
external  diameter,  and  0  *  375  inch  thick.  It  was  lap- welded  in  the 
works  of  Messrs.  A.  and  J.  Stewart.  The  flanges  were  screwed  on 
and  brazed  externally.  The  pipe  was  not  lagged  or  protected  in  any 
manner.  After  eight  and  a  half  years'  service  the  metal  measured 
where  cut  0  ■  32  and  0  *  375  inch  in  thickness,  showing  that  the  wasting 
during  that  time  had  been  very  slight.  The  interior  surface  of  the 
tube  exhibited  no  signs  of  pitting  or  corrosion.  It  was  covered  by  a 
thin  crust  of  black  oxide,  the  maximum  thickness  of  which  did  not 
exceed  l-32nd  inch.  Where  the  deposit  was  thickest  it  was  curiously 
striated  by  the  action  of  the  steam.  On  the  scale  being  removed,  the 
original  bloom  on  the  surface  of  the  metal  was  exposed.  It  would 
thus  appear  that  the  danger  from  corrosion  of  iron  steam-pipes  is 
not  borne  out  in  their  actual  use;  and  hence  so  much  of  the  way  is 
cleared  for  a  stronger  and  more  reliable  material  than  copper.  So 
far  the  source  of  danger  seems  to  be  in  the  weld,  which  would  be 
inadmissible  in  larger  pipes;  but  there  is  no  reason  why  these  should 
not  be  lapped  and  riveted.  There  seems  however  a  more  promisj 
way  out  of  the  difficulty,  in  the  Mannesmann  steel  tubes  which  are 
now  being  M  spun"  out  of  solid  bars,  BO  as  to  form  weldless  tubes. 

I         steel  lias  been  freely  used  by  the  writer  for  bends,  junction 

pit-  ;'    Steam     pipes,    as    well    as    for    steam    valve-' 

and  except  Gar  the  bet  that  steel-makers1  promises  of  delivery  are 

aarally  better   than   their   performance,  the   result    has    thus  far 
:i  satisfi  in  all  n  I  adopted  because  ti 

:ne    doubt    at    the    timi  itrength    of    pm-metal 

under  a  high  temperature;  and  as  the  data  respecting  it-  strength 
appean  I  of  ■  doubtful  ohara  sreftd  tests  were  d 

to  determine  the  tensile  strength  of  gun-metal  when  at  atmosph< 
and  higher  temp,  raton  a    The  b  1  0*76  inch  diann 

ok  "■  1 1 17  square  inch  Bectional  and  tho  i  at  the  higher 

temperatures  were    broken  while  immersed  in  a  bath  of  oil  at  the 
uperatorefl  b  line  being  the  mat 
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TABLE  1. 

Tensile  Strength  of  Gun-metal  at  high  temperatures. 


Composition 

of 
Gnn-metaL 

Temperature 

of 

oil  bath. 

Tensile 
Strength 

per  sq.  inch. 

Elastic 

Limit 

per  sq.  inch. 

Elongation 

in  length  of 

2  inches. 

Per  cent. 

1     ■  i  -er  87    ( 
Tin          S     1 
Zinc         3*  J 
Lead        lj  I 

Fahr. 
50° 

400° 

Tons. 
12-34 

10-83 

Tons. 
8-38 

6-30 

Per  cent. 
14-64 

11-79 

Copper  87    ( 
Tin          8    { 
Zinc         5    | 

50° 

458° 

13-86 
10-70 

8-33 
7-43 

20-30 
12-43 

The  result  of  these  experiments  was  to  give  somewhat  greater  faith 
in  gun-metal  as  a  material  to  be  used  under  a  high  temperature ;  but 
as  steel  is  much  stronger,  it  is  probably  the  most  advisable  material 
to  use,  when  the  time  necessary  to  procure  it  can  be  allowed. 

Feed  Heating. — With  the  double  object  of  obviating  strain  on 
the  boiler  through  the  introduction  of  the  feed  water  at  a  low 
temperature,  and  also  of  securing  a  greater  economy  of  fuel,  the 
principle  of  previously  heating  the  feed  water  by  auxiliary  means 
«  1  considerable  attention,  and  the  ingenious  method 
introduced  by  Mr.  James  Weir  lias  been  widely  adopted.  It  is 
founded  on  the  feet  that,  if  (he  feed  water  as  it  is  drawn  from  the 
hot  well  be  raised  in  temperature  by  the  heat  of  a  portion  of  steam 
introduced  into  it  from  one  of  the  steam  receivers,  the  decrease  of 
the  coal  ).'  i  aerate  steam  from  the  irater  of  the  higher 

temperature    I  greater   ratio   to  the  ooaJ   required    without 

eating  than    the   power   which    would   be  developed   in    the 

at   portion   of  steam    would    bear   to   the    whole  power 

I  passing  all   the   steam  through   all   the  cylinders. 

1  of  the  feed  J    of  course  limited  by  the  temperature 

of  the  steam  in  the  from  irhieh  the  supply  for  heating  is 

for   <        pli     a    fcriple-expansion    engine   Wi 
workin  ex  the  following  conditions  without   feed-heating: — 
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boiler  pressure  150  lbs. ;  indicated  horse-power  in  high-pressure 
cylinder  398,  in  intermediate  and  low-pressure  cylinders  together  790, 
total  1,188  ;  and  temperature  of  hot  well  100°  Fahr.  Then  with 
feed-heating  the  same  engine  might  work  as  follows : — the  feed  might 
be  heated  to  220°  Fahr.,  and  the  percentage  of  steam  from  the  first 
receiver  required  to  heat  it  would  be  10*9  per  cent.;  the  indicated 
horse-power  in  the  high-pressure  cylinder  would  be  as  before  398, 
and  in  the  intermediate  and  low-pressure  cylinders  it  would  be  10*9 
per  cent,  less  than  before,  or  705,  and  the  total  would  be  1,103,  or 
93 '0  per  cent,  of  the  power  developed  without  feed-heating. 
Meanwhile  the  heat  to  be  added  to  each  pound  of  the  feed-water  at 
220°  Fahr.  for  converting  it  into  steam  would  be  1,005  units  against 
1,125  units  with  feed  at  100°  Fahr.,  equivalent  to  an  expenditure  of 
only  89 '4  per  cent,  of  the  heat  required  without  feed-heating.  Hence 
the  expenditure  of  heat  in  relation  to  power  would  be  89 -4 -f-  93 * 0 
=  96*4  per  cent.,  equivalent  to  a  heat  economy  of  3*6  per  cent.  If 
the  steam  for  heating  can  be  taken  from  the  low-pressure  receiver, 
the  economy  is  about  doubled. 

Other  feed-heaters,  more  or  less  upon  the  same  principle,  have 
been  introduced.  Also  others  which  heat  the  feed  in  a  series  of 
pipes  within  the  boiler,  so  that  it  is  introduced  into  the  water  in  the 
boiler  practically  at  boiling  temperature;  this  is  economical  however 
only  in  the  sense  that  wear  and  tear  of  the  boiler  is  saved  ;  in 
principle  the  plan  does  not  involve  economy  <»1*  fuel. 

Auxiliary  Supply  of Fresh  Water, — ! Intimately  a  ted  with  the 

1  ia  the  means  adopted  for  milking  op  the  Loaaefl  of  fresh  water  due 
to  escape  of  steam  from  safety-valve-,  leakage  at  glands,  joints,  I 
andof  water  discharged  from  the  air-pumps.  A  fen  years  ago  this  1 
was  regularly  made  op  from  the  sea.  with  the  result  that  the  water  m 
the  boilers  was   gradually  increased   in   d  .   whence  followed 

deposit  on  the  internal  sni  and  consequent  Loss  of  efficiency,  and 

dangi  r  i  f  accident  through  orerheating  the  plates.    With  the  higher 
awes  now  adopted,  the  d  rising  from  orerheating  ia  much 

m.  :  .    and     t  es.-ity     is    absolute    of    maintaining    the 

heating  am  from  deposit.    This  can  be  done  only  bj  filling 

the  boilers  with  fresh  water  in   tin-  first   lUSi  and  maintaining  it 
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in  that  condition.  To  do  this  two  methods  are  adopted,  either 
separately  or  in  conjunction.  Either  a  reserve  supply  of  fresh  water 
is  carried  in  tanks ;  or  the  supplementary  feed  is  distilled  from  sea 
water  by  special  arjparatus  provided  for  the  purpose. 

In  the  construction  of  the  distilling  or  evajwrating  apparatus 
advantage  has  been  taken  of  two  important  physical  facts,  namely : — 
that,  if  water  be  heated  to  a  temperature  higher  than  that 
em-responding  with  the  pressure  on  its  surface,  evaporation  will 
take  place  ;  and  that  the  passage  of  heat  from  steam  at  one  side  of  a 
plate  to  water  at  the  other  is  very  rapid.  In  practice  the  distillation 
is  effected  by  passing  steam,  say  from  the  first  receiver,  through  a 
nest  of  tubes  inside  a  still  or  evaporator,  of  which  the  steam  space  is 
connected  either  with  the  second  receiver  or  with  the  condenser. 
The  temperature  of  the  steam  inside  the  tubes  being  higher  than 
that  of  the  steam  either  in  the  second  receiver  or  in  the  condenser, 
the  result  is  that  the  water  inside  the  still  is  evaj)orated,  and  passes 
with  the  rest  of  the  steam  into  the  condenser,  where  it  is  condensed 
and  serves  to  make  up  the  loss.  This  plan  localizes  the  trouble  of 
deposit,    and   frees   it   from   its    dangerous    character,   because    an 

^orator  cannot  become  overheated  like  a  boiler,  even  though  it 
be  neglected  until  it  salts  up  solid ;  and  if  the  same  precautions  are 
taken  in  working  the  evaporator  which  used  to  be  adopted  with 
low-pressure  boilers  when  they  were  fed  with  salt  water,  no  serious 
trouble  should  result.  When  the  tubes  do  become  incrusted  with 
deposit,  they  can  be  either  withdrawn  or  exposed,  as  the  apparatus 
>  arranged;  and  they  can  then  be  cleaned. 

I'i-'.j,'  Her. — In  Mr.  Marshall's  paper  of  1881  it  was  said 

(pigfl   176)   that  ••the  screw  propeller  is  still  to  a   great   extent  as 

I    problem."       This    was  at   the   time   a  fairly  true  remark. 

It  vrai    true  the    problem    had   been  made  the  subject  of  general 

ion  by  various  eminent  mathematicians,  notably 

by    r  and    Mr.    William    Fronde,  and  of  special 

h  by   various  engineers.    As  examples  of  the 
latter  may  l>e  mi  I  the  extended  series  of  investigations  on 

the  «  I  ••  i\  Lican,"  and  the  Series   made   by  Mr.  Jsherwood 
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on  a  steam  launch  about  1874.  These  experiments  however,  such  as 
they  were,  did  little  to  bring  out  general  facts  and  to  reduce  the 
subject  to  a  practical  analysis. 

Since  the  date  of  Mr.  Marshall's  paper,  the  literature  on  this 
subject  has  grown  rapidly,  and  has  been  almost  entirely  of  a 
practical  character.  The  screw  has  been  made  the  subject  of 
most  careful  experiments.  One  of  the  earliest  extensive  series  of 
experiments  was  made  under  the  writer's  direction  in  1881  with  a 
large  number  of  models,  the  primary  object  being  to  determine  what 
value  there  was  in  a  few  of  the  various  twists  which  inventive 
ingenuity  can  give  to  a  screw  blade.  The  results  led  the  experimenters 
to  the  conclusion  that  in  free  water  such  twists  and  curves  are 
valueless  as  serving  to  augment  efficiency.  The  experiments  were 
then  earned  further  with  a  view  to  determine  quantitative  moduli  for 
the  resistance  of  screws  with  different  ratios  of  pitch  to  diameter,  or 
';  pitch  ratios " ;  and  afterwards  with  different  ratios  of  surface  to 
the  area  of  the  circle  described  by  the  tips  of  the  blades,  or 
"surface  ratios."  As  these  results  have  to  some  extent  been 
analysed  and  published,  no  further  reference  need  be  made  to  them 
now.  In  188G  Mr.  E.  E.  Froude  published  in  the  Transactions  of  the 
Institution  of  Xaval  Architects  (page  -:'")  the  deductions  drawn  from 
an  extensive  series  of  trials  made  with  four  models  of  similar  form 
and  equal  diameter,  but  having  different  pitch  ratios.  Mr.  S.  W. 
Barnaby  has  published  some  of  the  result  tperimenta  made  under 

the  direction  of  Mr.  J.  I.  Thornycroft ;  and  in  his  paper  read  before 
the  Institution  of  Civil  Engineers  in   1  >L  cii,  page  71)  he  has 

also  put  Mr.  It.  E.  Fronde's  results  into  ■  shape  more  suitable  for 
comparison  with  j  .     Nor  ought  Mr.  <i.  A.  Calv  arefully 

planned  experiments  to  pass  unnotioed,of  whiohan  account  was  given 
in  the  Transactions  of  the  Institution  of  Naval  Architects  in  1887 
(pi  !  [perimenta  were  made  on  rectangular  bodies  with 

done  of  propeller-blade  form,  moved  through  the  water  at  various 
velocities  in  Btraight  Lines,  in  directions  oblique  to  their  plant  and 

from  their  resulti  an  estimate  \\u>  form*  <l  of  tin 

One  of  the  most  important  n aults  <1<  duo  <\  from  exp trimenti  <»n 
mode]  is    that    they    appear    to    have    practically    equal 
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efficiencies  throughout  a  wide   range  both   in    pitch   ratio    and    in 
surface  ratio :    so    that    great   latitude   is   left  to   the   designer  in 

ird  to  the  form  of  the  propeller.  Another  important  feature  is 
that,  although  these  experiments  are  not  a  direct  guide  to  the 
selection  of  the  most  efficient  propeller  for  a  particular  ship,  they 
supply  the  means  of  analysing  the  performances  of  screws  fitted  to 
v<  -sels,  and  of  thus  indirectly  determining  what  are  likely  to  be  the 
best  dimensions  of  screw  for  a  vessel  of  a  class  whose  results  are 
known.  Thus  a  great  advance  has  been  made  on  the  old  method  of 
trial  upon  the  ship  itself,  which  was  the  origin  of  almost  every 
conceivable  erroneous  view  respecting  the  screw  propeller.  The 
fact  was  lost  sight  of  that  any  modification  in  form,  dimensions,  or 
proportions,  referred  only  to  that  particular  combination  of  ship 
and  propeller,  or  to  one  similar  thereto  ;  and  so  something  like  chaos 
Wtt  the  result.     This  however  need  not  be  the  case  much  longer. 

In  regard  to  the  material  used  for  propellers,  steel  has  been 
largely  adopted  for  both  solid  and  loose-bladed  screws ;  but  unless 
protected  in  some  way,  the  tips  of  the  blades  are  apt  to  corrode 
rapidly  and  become  unserviceable.  One  of  the  stronger  kinds 
of  bronze  is  often  judiciously  employed  for  the  blades,  in  conjunction 
with  a  steel  boss.  Where  the  first  extra  expense  can  be  afforded, 
bronze  seems  the  preferable  material;  the  castings  are  of  a  reliablo 
character,  and  the  metal  does  not  rapidly  corrode;  the  bronze  blades 
can  therefore  with  safety  be  made  lighter  than  steel  blades,  which 
favours  their  springing  and  accommodating  themselves  more  readily 
to   the   va:  leedfl  of  the   different  parts  of  the  wake.    This 

might  be  expected  to  result  in  some  slight  increase  of  efficiency: 
of   which  however  the   writer  has  never   had   the  opportunity  of 
torily  determining  the  exact  extent.    Instances  can  be  brought 
bronze  blades  have  been  substituted  for  steel  or  iron 
with  markedly  implored   results;   but  in  cases  of  tin's  hind  which 
bad    the    opportunity    of   analysing,    the    whole 
imp  accounted  for  by  the  modified  proportions  of 

the  in    working    condition.     In  other   words,   both 

■  and   |  i  working  alike  go  to  show  that,  although 

cast-iron  and   steel   blades  as  usually  proportioned  are  sufficiently 
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stiff  to  retain  their  form  while  at  work,  bronze  blades  being  made 
much  lighter  are  not ;  and  the  result  is  that  the  measured  or  set 
pitch  is  less  than  that  which  the  blades  assume  while  at  work. 
Some  facts  relative  to  this  subject  have  already  been  given  in  a 
recent  paper  by  the  writer  (North-East  Coast  Institution  of 
Engineers  and  Shipbuilders,  vol.  7,  1890-91,  page  179). 


Twin  Screws. — The  great  question  of  twin-screw  propulsion  has 
been  put  to  the  test  upon  a  large  scale  in  the  mercantile  marine,  or 
rather  in  what  would  usually  be  termed  the  passenger  service. 
While  engineers  however  are  prepared  to  admit  its  advantages  so  far 
as  greater  security  from  total  breakdown  is  concerned,  there  is  by  no 
means  thorough  agreement  as  to  whether  single  or  twin  screws  have 
the  greater  propulsive  efficiency.  What  is  required  to  form  a  sound 
judgment  upon  the  whole  question  is  a  series  of  examples  of  twin 
and  single-screw  vessels,  each  of  which  is  known  to  be  fitted  with 
the  most  suitable  propeller  for  the  type  of  vessel  and  speed  ;  and 
until  this  information  is  available,  little  can  be  said  upon  the 
subject  with  any  certainty.  So  far  the  following  large  passenger 
steamers  have  been  fitted  with  twin  screws : — 

TABLE  2. 
Passenger  Steamers  fitU  <1  with   Twin  Screws. 


Vessels. 

Length 

between 

pcrpen- 

<linil:u>. 

Beam. 

•     lin.l 
two  sets  in  a 

I  >  i  r  1 1 1  i  - 

11  oases. 
Stroke. 

Boilef 

per 
.-.|  inch. 

[ndicsted 

1 1 

1 ' 

N.wYurki 
Pari*        / 

Wi  et 

1 

End 
15,71,113 

Ind 

GO 

Lbs. 
150 

I.H.P. 

20,000 

M                                 \ 

58 

5,110 

Lfi  | 

1>.000 

n:ililii:i 

500 

7,108 

160 

11.. 

(  '"lilliil'i:i 

>h 

1,101 

160 

L2,i 

I'.lii]                   hi'lifi   1 

1 

Elm]             1  bins] 

llu 

51 

;  ,82 

M 

ieo 

10,125 

l 

n;. 

48 

84,54 

.M 

ieo 

L0, 

- 

17o 

11,1 
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It  appears  to  be  a  current  opinion  that  the  twin-screw  arrangement 
necessitatis  a  greater  weight  of  machinery.  This  is  not  necessarily 
so  however ;  on  the  contrary  the  opportunity  is  offered  for  reducing 
the  weight  of  all  those  parts  of  the  engines,  of  which  the  weight 
relatively  to  power  is  inversely  proportional  to  the  revolutions. 
This  can  be  reduced  in  the  proportion  of  1  to  V2,  that  is  to  71 
per  eent.  of  their  weight  in  the  single-screw  engine ;  for  since 
approximately  the  same  total  disc-area  is  required  in  both  cases  with 
similarly  proportioned  propellers,  the  twins  will  work  at  a  greater 
speed  of  revolution  than  the  single  screw. 

From  a  commercial  point  of  view  there  ought  to  be  little 
disagreement  as  to  the  advantage  of  twin  screws,  so  long  as  the  loss 
of  space  incurred  by  the  necessity  for  double  tunnels  is  not 
important ;  and  for  the  larger  passenger  vessels  now  built  for 
ocean  service  the  disadvantage  should  not  be  great.  Besides  their 
superiority  in  the  matter  of  immunity  from  total  breakdown,  and  in 
greatly  diminished  weight  of  machinery,  they  also  offer  the 
opportunity  of  reducing  to  some  extent  its  cost.  A  slightly  greater 
engine-room  staff  is  necessary ;  but  this  seems  of  little  importance 
compared  with  the  foregoing  advantages. 

Weight  of  Machinery  relatively  to  Power. — It   is   interesting  to 

compare  the  weight  of  machinery  relatively  to  the  power  developed ; 

for  this  comparison  lias  sometimes  been  adopted  as  the  standard  of 

alienee  in  design,  in  respect  of  economy  in  the  use  of  material. 

The  principle    however  on  which   this   has  generally  been  done  is 

me  objections.     It  has  been  usual  to  compare  the  weight 

directly    with    the     indicated    horse-power,    and    to    express    the 

in  pounds  per  hone-power.     Bo  long  as  the  machinery 

thus  compared  is  for  i  of  the  same  class  and  working  at  about 

i  volution,  no  great  fault  can  be  found  ;  but  as 

Lntion  i    a  greal   factor  in  the  development  of  power, 

and  a- it  :  dependent  "ii  circumstances  altogether  external  to 

nceming  rather  the  speed  of  the  ship,  the  engines 

fitt'  sed    ihipi  will    thus   generally  appear  t<>  greater 

Leaving  the  condenser  out  of   the 


July  1891.  MARINE   ENGINEERING.  327 

question,  the  weight  of  an  engine  would  be  much  better  referred  to 
cylinder  capacity  and  working  pressures  where  these  are  materially 
different,  than  directly  to  the  indicated  power.  In  Table  4  appended 
are  given  the  relative  weights  of  nine  triple-expansion  engines, 
according  to  both  modes  of  comparison  ;  Nos.  1  to  6  are  mercantile 
engines,  and  Nos.  7  to  9  are  naval  examples.  It  will  be  noticed 
that  though  the  twin-screw  engines  Nos.  5  and  6  are  the  same  type 
of  engine  as  the  single-screw  engines  Nos.  1  to  4,  as  evidenced  by 
their  weights  per  cubic  foot  of  cylinder  capacity,  yet  their  engine- 
room  weights  per  indicated  horse-power  are  considerably  lower  by 
virtue  of  their  higher  speed  of  revolution.  Comparing  its  predecessors 
with  No.  9,  which  is  a  fair  type  of  a  naval  engine,  it  will  be  seen 
that  the  engines  usually  fitted  in  the  merchant  service  are  about  44 
per  cent,  heavier  per  unit  of  cylinder  capacity  than  this  engine. 
The  low  weight  of  boilers  per  unit  of  heating  surface  in  Nos.  7,  8, 
and  9,  which  is  about  22  per  cent,  less  than  in  the  mercantile 
examples  Nos.  1  to  6,  is  due  to  careful  use  of  material,  as  well  as 
to  the  lighter  scantlings  adopted  for  boilers  by  the  Admiralty. 

The  advantages  of  saving  weight  of  machinery,  so  long  as  it  can 
be  done  with  efficiency,  are  well  known  and  acknowledged.  If 
weight  is  to  be  reduced,  it  must  be  done  by  care  in  design,  not  by 
reduction  of  strength,  because  safety  and  saving  of  repairs  are  much 
more  important  than  the  mere  capability  of  carrying  a  few  tons 
more  of  paying  load.  It  must  also  be  done  with  economy  ;  but 
tliis  is  a  matter  which  generally  settles  itself  aright,  as  no  shipowner 
will  pay  more  for  a  saving  in  weight  than  will  bring  in  a 
remunerative  interest  on  his  outlay.  In  his  paper  on  the  weight  of 
machinery  in  the  mercantile  marine  (Xorth-Kast  Coast  Institution 
of  Engineers  and  Shipbuildi  rs,  vol.  G,  1889-90,  page  253)  Mr. 
William  Boyd  discussed  tin's  question  al  length,  and  prop, 

to   attain   the  end  <>f  reducing  the   weight  of  machinery  by  the 

method  of  augmenting  the  speed  of  rei  lotion  and 
developing  the  required  power  with  smaller  engines.     This  method, 
while  promisi]  sited  by  the  efficiency  of  the  screw,  hut  may  1»< 

adopted  with  advantage  so  h  ate  in  speed  of  revolution 

involve  ich  change  in  the  scran  a-  to  reduce  it-  <  ffici  acy  a- 
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a  propeller.  But  when  the  point  is  reached,  beyond  which  a  further 
change  involves  loss  of  propelling  efficiency,  it  is  time  to  stop ;  and 
the  writer  ventures  to  say  that  in  many  cargo  vessels  now  at  work 
the  limit  has  been  reached,  while  in  many  others  it  has  certainly 
been  passed. 

K  momy  of  Fuel. — Coming  to  the  highly  important  question  of 
economy  of  fuel,  Table  5  gives  the  performances  of  twenty-eight 
three-stage  expansion  engines  in  ordinary  work  at  sea.  The  average 
consumption  of  coal  per  indicated  horse-power  is  1*522  lbs.  per 
hour.  The  average  working  pressure  is  158*5  lbs.  per  square  inch. 
Comparing  this  working  pressure  with  77*4  lbs.  in  1881,  a  superior 
economy  of  19  per  cent,  might  be  expected  now,  on  account  of  the 
higher  pressure  ;  or  taking  the  1  *  828  lbs.  of  coal  per  hour  per 
indicated  horse-power  in  1881,  the  present  performance  under 
similar  conditions"  should  be  1*48  lbs.  per  hour  per  indicated 
horse-power.  In  Table  6  the  principal  factors  in  the  present 
performance  of  marine  engines  are  compared  with  those  of  1881, 
and  also  with  those  of  1872  as  indicated  in  the  table  accompanying 
Sir  Frederick  Bramwell's  paper.  Compared  on  the  same  basis  then, 
it  appears  that  the  working  pressures  have  been  increased  twice  in 
the    last    ten   years,  and   three  times    in    the   last   nineteen.      The 

1    consumptions  have  been  reduced  16*7  per  cent,  in  the  last  ten 

and  27*0  per  cent,  in  the  last  nineteen.     The  revolutions  per 

minnte  have  increased  in  the  ratios  of  100,  107,  114  ;  and  the  piston 

»,   124,   140.      Although  it  is  quite  possible  that  the 

farther  ini  ions  of  the  Kesearch  Committee  on  marine-engine 

triali   may   show  that   the  present  actual  consumption  of  coal  per 

in.i  power  is  understated  in  Table  6,  yet  it  is  hardly 

probable  thai  the   relative   results  will    he  affected  thereby.    The 

.  I  c'.hHiinptioii  have  in  all  cases  \h\'m  taken  in  the 

same  way  and   on   the  same  basis  as  tor  Mr.  Marshall's  paper  in 

i   that  frhaterex  errors  may  affect  the   returns  for  the  one 

u  are  1.  ted  those  tor  the  other.    The  probability 

in  the  statement  of  the  horse-power  indicated,  wliieli 

when  taken  directly  from  the  ship's  log  is  usually  in  excess  of  that 
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actually  indicated  continuously :    so  that   the   comparison   of  coal 
consumption  with  power  is  open  to  objection. 

But  there  is  another  method,  which  is  less  objectionable,  and 
from  a  shipowner's  point  of  view  the  better  of  the  two  :  namely  to 
take  the  coal  burnt  as  the  measure  of  the  power  expended  in 
propulsion.  Thus  for  similar  ships  at  similar  speeds,  the  quotient, 
^  (displacement-)  X  speed'3  -4-  coal  per  day,  gives  a  coefficient  of 
performance  which  represents  the  comparative  cost  of  propulsion 
in  coal  expended  ;  and  this  coefficient  for  the  present  year,  when 
compared  with  that  for  1881,  will  show  the  advance  in  efficiency  of 
propulsion,  and  should  include  the  improvements  of  both  ships  and 
machinery. 

The  tabular  statements  in  Table  7  appended  are  from  a  series  of 
reliable  examples  of  performances  at  sea.  If  now  the  later 
performance  coefficient,  14,810  in  1890,  be  compared  with  the 
earlier,  11,710  about  1881,  it  will  be  seen  that  the  relative  coal 
economies  are  as  79  to  100,  or  that  today  the  coal  economy  is 
21  per  cent,  superior  to  that  of  1881.  Against  this  comparison  an 
objection  may  be  raised  that  the  present  best  practice  is  here 
compared  with  vessels  and  machinery  at  work  in  1881,  which  were 
perhaj)s  by  no  means  the  best  practice  of  that  date.  This  is  true  ; 
bat   on    the    other   hand    it  seems  hardly  fair  to  mix  up  with  the 

-ting  class  of  three-stage  expansion  engines,  which  have  for  some 

:i  the  standard,  the  two-cylinder  or  compound  engines, 

which  as  a  class    have  become  practically  obsolete  so  far  as  prosenl 

manufacture  is  concerned.     In  Table  7  it  will  also  be  observed  that  the 

taken  as  examples  of  present  performance  are  somewhat  larg 

than   those  far   1881:   which  will   probably  affect    slightly   thi'  (\ 
figures  of  the  comparison,  but  certainly  not  the  broad  general  1. 

/'  |a      In    the   ma:  the    power   put    into    individual 

isiderable  Btridee  have  been  made     In  L881  probably  the 

■which   had   1><  <  ;i    pat  into  on<  I    was   in   th( 

the  "Arizona,"  whose  machinery  i:  I   about 

power.     The  following  TabL  mensions  and 

power  of  the  larger  machinery  in  the  Lafe  r  |  Is. 

■2  n 
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TABLE  3. 

Dimensions  and  Power  of  Machinery 

in  later  passenger  vessels. 


Y     AY. 

Name 

of 
\  i  ssel. 

Diameters  of  Cylindei 

s. 

Length 
of 

Stroke. 

Indicated 
Horse - 
Power. 

Inches. 

Inches. 

i.ii.r. 

Alaska 

GS,  100,  100. 

72 

10,686 

1881 

1         «»f  Home 

4G,  8G ;  4G,  86  ;  4G,  SC 

72 

11,800 

1881 

Servia . 

72,  100,  100. 

78 

10,300 

1881 

Liyadia  Yacht 

/  GO,  78, 78 :  GO,  78,  78 ; 
\            60,  78,  78. 

} 

39 

12,500 

1883 

. 

70,  104,  104. 

72 

13,300 

1884 
1884 

Umbria 
Etruria 

}         71,105,105. 

72 

14,320 

1888 

City  of  X«-\v  York 
City  of  Paris 

)          15,71,113; 
/          45,  71,  113. 

} 

GO 

20,000 
ahout 

1889 
1889 

Teutonic 

\         43,68,110; 
J          43,68,110. 

} 

GO 

18,000 

In  wa;  la  the  increase  has  been  equally  marked.     In  1881 

the  maximum  power  seems  to  have  been  in  the  "  Inflexible,"  namely 
<  -j lower.      The  following  will   give  an  idea  of 
the  advance  made  : — 

••  Jl  \<l]ni):il  Cla0B)      .... 

•■  I  ■  :    '■  :  ad  ••  Lepanto"    .... 

UmbertoM 

-  I.  Bli  oheim"  (building    . 

"  (building)      .... 

■  :it  that  there  are  vessels  at  work  today  haying  about 
the  maximum  pow<  y  before  L881. 

'  The  progress  made  during  the  last  ton 

roughly,   the    general 
cone]  I   briefly  ai  follows.     First,  the  working 

about  doubled.    Second,  the  increase  of  working 
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pressure  and  other  improvements  have  brought  with  them  their 
equivalent  in  economy  of  coal,  which  is  about  20  per  cent.  Third, 
marked  progress  has  been  made  in  the  direction  of  dimension,  more 
than  twice  the  power  having  been  put  into  individual  vessels. 
Fourth,  substantial  advance  has  been  made  in  the  scientific  principles 
of  engineering. 

It  only  remains  for  the  writer  to  thank  the  various  friends  who 
have  so  kindly  furnished  him  with  data  for  some  of  the  tables  which 
have  been  given ;  and  to  express  the  hope  that  the  next  ten  years  may 
be  marked  by  such  progress  as  has  been  witnessed  in  the  past.  But 
it  must  be  remembered  that,  if  future  jn'ogress  be  equal  in  merit  or 
ratio,  it  may  well  be  less  in  quantity,  because  advance  becomes  more 
difficult  of  achievement  as  perfection  is  more  nearly  approached. 
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TABLE  5  {continued  on  next  page)* 

Particulars  of  Three-stage  Expansion  Engines 
In  twenty-eight  Steamers. 


— '     — 

Cylinders. 

Condenser. 

Cooling 
Surface. 

Propeller. 

*i 

Diameters. 

Stroke. 

Diameter. 

Fitch. 

No. 

Inches. 

Inches. 

Sq.  Feet. 

Ft. 

Ins. 

Ft. 

Ins. 

1 

40      GO     100 

72 

11,586 

22 

0 

28 

G 

2 

40       GG     100 

72 

11,58G 

22 

0 

28 

G 

3 

39       Gl       97 

GG  . 

11,000 

20 

10 

2G 

0 

4 

39       Gl       97 

GG 

11,000 

20 

10 

2G 

0 

5 

23      38       Gl 

42 

2,008 

1G 

0 

17 

G 

G 

25*     42       70 

51 

3,209 

1G 

G 

20 

0 

7 

21       34      55| 

3G 

1,447 

14 

0 

17 

G 

8 

22      33      59 

39 

1,430 

15 

G 

15 

G 

9 

29      45      74 

54 

3,900 

19 

G 

20 

0 

10 

:;l      48      82 

54 

4,150 

19 

0 

19 

0 

11 

25      41      67 

48 

2,800 

12 

2l\    36      59 

42 

2,000 

15 

0 

1G 

G 

13 

82      51       B2 

54 

12,562 

16 

6 

28 

0 

11 

27       14      71 

48 

2,800 

17 

9 

17 

G 

15 

29      45      74 

GO 

4,020 

19 

0 

24 

0 

16 

29      45      71 

54 

3,850 

IS 

0 

21 

0 

17 

23      87      64 

48 

2,400 

16 

6 

18 

0 

18 

II        71 

51 

3,708 

17 

9 

22 

9 

19 

23      :■ 

86 

•_'  ,218 

15 

0 

i:> 

6 

J 7, 17   88      60 

12 

•J, '.Mid 

15 

6 

15 

6 

21 

89      62 

86 

2,700 

14 

0 

16 

:; 

22 

:;l       n;      72 

;,i 

8,718 

16 

•> 

22 

6 

89 

1,750 

1 1 

7 

L6 

6 

24 

\i      | 

18 

2,7«;:; 

L6 

10 

17 

9 

18 

8,580 

15 

6 

is 

0 

:;l 

60 

6,860 

L9 

(i 

28 

(i 

27 

-7' 

60 

7,500 

\\\ 

0 

28 

9 

|     p; 

12 

3,450 

16 

0 

21 

0 
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(continued  on  next  page)  TABLE  5. 


Particulars  of  Boilers 
in  twenty-eight  Steamers. 


■ —     T 

Y  2 

Number. 

Diameter. 

Length. 

Heating 

Surface 
Total. 

Fire- 
grate 
Area. 

-    am 
3sure. 
Lbs.  per 

Bq.  inch. 

Xo. 

No. 

Ft. 

Ins. 

Ft. 

Ins. 

Sq.  Feet. 

Sq.  1 

Lbs. 

1 

Biz 

13 

G 

18 

0 

17,G40 

626 

1 55 

2 

Six 

13 

G 

18 

0 

17,G40 

626 

1 55 

3 

Five 

13 

G 

18 

0 

15,107 

540 

155 

4 

Five 

13 

G 

18 

0 

15,107 

540 

1 55 

5 

Two 

14 

G 

10 

H 

3,972 

133 

ICO 

G 

Two 

13 

0 

17 

G 

6,162 

193 

1MI 

7 

Two 

13 

G 

10 

0 

3,330 
3,324 

160 

8 

Two 

13 

4 

9 

9 

102 

160 

9 

Three 

12 

5 

16 

9 

G,S75 

240 

160 

10 

Th: 

12 

G 

18 

<; 

8,000 

260 

160 

11 

Two 

L2 

6 

16 

4 

4,645 

11l' 

160 

VI 

Three 

12 

0 

10 

o 
O 

3,852 

\-2-2 

160 

13 

Four 

1G 

0 

19 

0 

20,192 

7IH 

160 

14 

1 

13 

6 

16 

6 

6,164 

220 

150 

15 

1 

14 

8 

16 

- 

6,9 

196 

150 

16 

Tw.  i 

14 

3 

17 

0 

6,9< 

216 

160 

17 

Two 

11 

g 

17 

0 

l .  7 1 5 

111 

180 

L8 

Two 

I  1 

:; 

18 

(1 

Bf000 

264 

1 51 1 

L9 

One 

11 

10 

[5 

5 

8,271 

126 

160 

20 

I 

12 

0 

15 

■J 

1,400 

L68 

150 

21 

I 

12 

2 

11 

0 

l. 

1  ;,i  i 

lco 

22 

Thi 

!:; 

0 

11 

1 

110 

1 54  > 

15 

0 

11 

."hi 

160 

24 

Two 

1 1 

11 

1.846 

B4 

I 

13 

(1 

11 

1 

::.  186 

160 

26 

i 

16 

12 

•  i 

154 

150 

■J  7 

1"  ■  ii r 

M 

il 

6 

71 

210 

160 

Tl. 

1  1 

1 1 

L8 

188 

160 
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TABLE  o  (concluded  from  preceding  page), 

/.'  <ults  of  Trial  of  twenty-eight  Steamers. 


■ —    T 
X 

-  - 

B   — 

.—    ~ 

-  a 

r— \     ~—> 

PifltOD 

8 

r 
per 

minute. 

Indicated 

Horsc- 
Powi  r. 

Heating 

Surface. 

Indicated 
Horse- 
power 

per 
sq.  foot 
of  grate. 

Coal 
burnt 

per 

sq.  foot 

of  grate 

per 

hour. 

Coal 

burnt 

per 

I.H.P. 

per 
hour. 

GO 

Per 
I.H.P. 

Per  lb. 
of  Coal 

per 
hour. 

1      ■ 

I.H.P. 

S4.  Feet. 

Sq.  Feet. 

I.H.P. 

Lbs. 

Lbs. 

1 

52  ■  2 

C27 

4,295 

4 

11 

2 

4G 

0-86 

11-45 

1-67 

H 

•  1 

51-3 

616 

4,402 

4 

04 

2 

55 

7-03 

11-14 

I  •  58 1 

H 

•  I 

57  3 

630 

:;.:>87 

4 

21 

2 

22 

6-65 

12 -GO 

1-89G 

H 

4 

57-4 

631 

3,822 

3 

95 

2 

14 

7-08 

13-02 

1-841 

11 

5 

61 

J-J7 

1,120 

:; 

54 

2 

02 

8  43 

14-75 

1  •  75 

6 

61*3 

521 

1,700 

:; 

62 

2 

40 

S-82 

13-25 

1-505 

7 

<;i 

384 

900 

3 

72 

2 

31 

9*09 

14-67 

1-612 

II 

- 

155 

1,065 

:; 

12 

2 

38 

10-42 

13-70 

1-312 

9 

56 

504 

2 .  250 

:; 

055 

2 

04 

9-38 

14-00 

I-  194 

H 

10 

61-5 

553 

2,600 

:; 

075 

2 

04 

10-01) 

15-10 

1-505 

H 

Jl 

164 

1,300 

:; 

57 

2 

26 

9*16 

14-46 

1-580 

12 

67 

169 

l.l  no 

:; 

50 

2 

2!) 

9-02 

13-79 

I  -529 

13 

526 

3,670 

5 

50 

3 

04 

5-17 

7-80 

1-510 

II 

11 

504 

l  .ink 

:; 

67 

2 

12 

7-05 

13-18 

1  •  723 

II 

15 

2,360 

2 

94 

1 

78 

12-03 

19-85 

1-650 

16 

<;i 

2,550 

2 

73 

1 

82 

11-80 

17-70 

1-500 

17 

196 

i  ,500 

3 

1  1 

2 

00 

10-40 

16-81 

L-568 

18 

62 

1.727 

4 

63 

2 

85 

I  <)•;>:; 

17 -00 

1-020 

19 

156 

1,269 

2 

58 

1 

si 

10-07  . 

1  III) 

1-400 

P 

7.") 

1 ,530 

2 

875 

1 

96 

DM 

18-82 

I  •  164 

P 

21 

73 

l .  250 

3 

20 

2 

•40 

8-85 

Hi:; 

1-330 

V 

72 

612 

2,518 

2 

02 

1 

:;i 

22  ■  85 

83-95 

1-488 

1)  II 

194 

1 ,350 

I 

7:: 

1 

28 

27-00 

86-  12 

l  -350 

1)  II  P 

•i\ 

1 ,800 

2 

n 

I 

94 

-jl- 12 

26*62 

1-242 

1)  II  I 

1,360 

2 

56 

1 

91 

21  -59 

28-90 

I  888 

1)  II  1 

600 

2 

185 

I 

78 

loss 

28-05 

I  -865 

1)  II  1 

MX) 

2 

52 

2 

hi 

16-18 

19-97 

1-234 

1)  II  1 

511 

:;  215 

2-05 

17-10 

10-92 

i  565 

'M    . 

8*275 

2*14 

1 1  •  22 

17 

1-522 

N 

-lit   . 

:;  . 

2  •  25 

8-91 

18-92 

1-578 

l 

. 

2-412 

1-72 

20 

i., 

1*886 

D  D    nght. 


II  -  i 


P  =  F      over  Slfdi  -Valve. 
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TABLE  7. 

Performance  of  Machinery  relatively  to  Coal  Consumption. 

n     m   -  j?  r>     r  ^(Displacement- )x  (Speed  in  knots)3 

I       mcient  of  rerlormauce  =  -  —     '         ,.  ,,    ,  .  v'f , 

Ions  ot  Coal  in  24  hours 


No.  of 
\  i   gels. 

Length 

in 

feet. 

Coefficients 

of 

Displacement. 

Speed  in  knots, 
divided  by 
j.    square  root  of 
'  Length  in  feet. 

Working 
Pressure. 

Lbs.  per 
sq.  inch. 

Cosfficient 

of 

Performarce. 

Block.       Prismatic. 

Seventeen  Vessels  with  Two-stage  Expansion  Engines;  date  about  1881. 

1-17 

200  to  320  | 

0-751     |       0-774     | 

0-539 

S3 

11,710 

Sia  U 

en  Vessels 

with  Three-stage  Ex± 

mansion  Engines;  date  1890. 

1 

440 

0-633 

0-GGG 

O-G00 

155 

15,590 

2 

400 

0-703 

0-775 

0-520 

180 

15,750 

3 

312 

0-710 

0-805 

0*555 

160 

13,300 

1 

300 

0-635 

0-091 

0-506 

1G0 

14,250 

5 

295 

0-097 

0-7G9 

0-53G 

160 

12,150 

L60 

0-017 

0-70S 

0-G33 

1 55 

14,850 

7 

160 

0-618 

0-710 

0-G21 

1 55 

14,210 

8 

LS0 

0*623 

0-699 

0-G38 

155 

18,650 

180 

0-626 

0-7nl 

0*641 

155 

13,450 

0-730 

0*765 

0-579 

160 

15,200 

11 

100 

0-770 

0-804 

0-550 

160 

11,110 

12 

0-756 

0-780 

0-545 

160 

10,0(10 

18 

0-772 

0-780 

0-638 

100 

10,700 

M 

0  , 

•10 

0*546 

150 

15,000 

15 

122 

0-745 

0-771 

0*555 

156 

15,100 

M 

0-770 

0*792 

0*554 

ISO 

1 1,000 

0-752 

0*579 

159 

14,810 
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Discussion. 

Mr.  F.  C.  Marshall  thought  the  Members  of  the  Institution 
were  to  be  congratulated  on  having  met  with  a  gentleman  of 
Mr.  Blechynden's  experience  and  position  to  give  them  the  result  of 
the  progress  during  the  last  ten  years  in  the  development  of  the 
marine  engine.  The  whole  question  seemed  in  the  present  paper 
to  have  been  treated  from  beginning  to  end  in  a  most  masterly 
manner. 

With  regard  to  the  omission  (page  30 G)  to  say  anything  about  the 
triple-expansion  engine  in  his  own  paper  in  1881,  there  were  at  that 
time  only  two  instances  of  triple-expansion  eDgines ;  and  he  might 
be  pardoned  if,  in  the  midst  of  so  many  other  engineering  matters, 
those  two  were  not  then  mentioned.  They  had  indeed  lain  dormant 
from  about  1874  to  1881,  and  up  to  1881  nothing  further  had  been 
done  by  the  mechanical  world  in  that  direction.  There  was  now 
however  a  record  of  enormous  progress  since  1881,  which  might  be 
said  to  be  unprecedented.  How  it  had  been  brought  about  Lad  been 
shown  in  the  present  paper ;  and  the  paper  had  begun,  as  it  ought 
to  do,  with  the  boiler  furnace,  with  regard  to  which  it  was  stated 
(page  307)  that  during  the  last  ten  years  the  principle  known  as  foroi  d 
draught  had  been  introduced  into  the  larger  class  of  vessels,  having 
been  previously  known  and  used  chiefly  in  torpedo  vessels.  On 
previous  occasions  he  had  mentioned  a  fact  that  seemed  to  bo 
generally  lost  sight  of,  es2)ecially  in  the  design  of  marine  boil. 
namely  that  forced  draught  was   the   secrel    of  die  e  of  the 

locomotive,  and  had  been  introduced   by  I  8    phenso n.     Bat 

f  :•   their   forced   draught   produced   by   the   blast-pipe,   Looomol 
i  would  now   probably  be  a  long   way  behind  their  pre* 
development      On  the  i  i    of  his  own  paper  in   L881,  t; 

had  j  i  completed  si   Newcastle  with  forced  draught, 

and  some  of  the  members  had  then  accompanied  Lord  Armstrong 
and    Sir    Frederick    Bramwell,   si    the   invitation   of   the  Chi;  ■ 
Admiralj  to  witness  the  working  of  one  i  f  the  n  Bsels  on  the  Tyne, 
Since   that  time   farced   draught   I  ome  almost   u   universal 

feature  in  the  development  of  man  ines.     H<'  was  ploaood  to 
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find  that  the  adoption  of  forced  draught  was  regarded  by  the  author 
(pag  as  reducing  the  coal  consumption  of  1*573  lbs.  per  I.H.P. 

per  hour  with  natural  draught  to  1*33G  lbs.  with  forced  draught,  or 
a  Baying  of  15  per  cent.  A  further  effect  of  the  introduction  of 
forced  draught  had  been  an  increase  of  power  in  each  boiler  of  from 
30  to  50  per  cent. ;  while  a  still  further  advantage  had  been  that  the 
most  inferior  coal  could  be  used  with  perfect  safety.     There  were 

imflhipe  which  had  been  using,  almost  from  that  time  to  the 
present,  nothing  but  slack,  costing  now  about  5s.  6d.  per  ton, 
instead  of  lump  coal  at  12s.  Gd.  The  arrangement  of  forced  draught 
adopted  had  remained  almost  the  same ;  there  had  been  but  little 
change.  The  inconveniences  alluded  to  in  the  paper  (page  307)  had 
gradually  tended  to  produce  a  dislike  to  the  closed  stoke-hold,  and 
the  substitution  of  the  closed  ashpit.  There  had  been  a  good  deal 
of  ion  in  scientific  and  professional  circles  regarding  the  evils 

of  forced  draught  in  connection  with  the  boilers  of  the  navy;  but 
he  believed  Mr.  White  would  confirm  the  opinion  that  forced  draught 
had  really  nothing  to  do  with  any  of  the  mishaps  which  had  occurred 
with  boilers  in  the  navy.  In  this  question  he  himself  felt  a  kind  of 
paternal  interest,  having  been  the  first  to  apply  forced  draught  in 
larj  Is. 

With  regard  to  boilers,  it  had  been  pointed  out  (page  310)  that 

there  had  not  been  much  change  in  respect  of  form  and  design  ;  but 

in    another    respect   he    thought    all   would  agree  with    the   author 

there    had  been    a   great    change.     For   it   was  impossible  to 

into  any  modern  boiler  shop  which  had  kept  pace  with  the 
advance  of  improvements  without  realising  that  a  great  change  had 
oon  the  manufacture  of  boilers.     The  application  of  machinery 

t  i  boiler-making,  the  better  design  of  the  boilers,  tho  moro  careful 
manipulation  of  the  material,  and  the  introduction  of  the  surveyor 

■  the  boiler  shop  is  the  same  way  that  he  had   previously  been 

into  I   into  the  ship-yard     having  in   both   cases  been  greatly 

objected  to  in  the  first  instance    had  all  together  produced  a  much 

i'  work  throughout.     The  material  now  employed  was 

alt  >gether  of  a  highly  superior  character  to  anything  used  twelve  or 

!'•  had  been  made  (page  811)  to  the  subject 
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introduced  by  Mr.  Sennett  of  reduction  in    the   thickness  of  shell 
plates  :  a  principle  which  he  thought  might  be  wisely  adopted  by 
Lloyd's  Committee  and  the  Board  of  Trade.     There  was  a  general 
consensus  of  opinion,  he  believed,  that   a  change  was  necessary  in 
this  respect,  and  that  the  recent  great  modifications  in  the  material 
employed  should  be  recognised  in  the  existing  rules,  which  now  da 
twelve  or  fifteen  years  back.      The  mild  steel  now  used  could  be 
perfectly  relied  upon ;  or  if  it  was  defective  in  any  way  it  was  so 
through  the  fault  of  the  surveyors.     The  workmanship  also  was  as 
perfect  as  could  be,  every  rivet-hole  being  drilled,  every  piece  fitted 
as  carefully  as  possible,  and  all  the  work  done  under  the  oversight  of 
the  surveyor.     He  could  therefore  confirm  the  author's  opinion  that 
there  was  no  reason  why  it  should  still  be  compulsory  to  n  i 
large    factors    of   safety,    in    order    to    allow    for    deficiencies    in 
workmanship  and  for  decrease  in  strength  of  material  from  oorrosi 
It    was    now    no    longer    necessary   to    take    these    drawbacks    into 
consideration.     He   wished    it    to    be   recognised   that    the    eicessiv* 
precaution  and  waste  attending  high  factors  of  safety  in  boilers  w< 
altogether   unnecessary,  that    both    the   material    and    the 

workmanship  could  now  be  so  folly  relied  upon.     What  ought  to  be 
to  fix  the  standard  for  the  material  and  the  manner  in 
which  it  was  to  be  used,  and  then  to  make  the  rules  correspond  with 
these  conditions.     In  the  Imiralty,  tl.  of  Bach  t 

coarse  had  been  to  reduce  the  thickness  of  boiler  shells  L8  per  cent. ; 
and  there  was  do  why  the  same  should  not  be  done  by  the 

B  ard  of  'i'rade  and    Lloyd's.     The  remark   made    iii    page  310  ill 
Ltion  to  boilers  lie  thought  was  ot  great  importance,  namely  that, 

BO  long   U   they  had    been    properly  d  ionfl    trouble   had 

sued.    Iii  og  he  thought  the  present  |  in  man 

boilers  \va  LVe.      In  loOOOK  |  -  pasl  the 

fire-box  had  been  made  as  large  as  it  i  ible  to  make  it;  whereas 

the  attention   of  marine   engineers  he  thought   had  been  far  too  much 

directed  to  t!  I  of  tube  surface.      It'  however  the  idee  w 

rejected  that  tube  Burfa  highly  important,  it  would  probably 

much  the   boil  i  .      I:  lert  .1   by    1 1 

:,  and   was  a  standing  maxim   with   looomoti 
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that  the  tire-box  did  three-quarters  of  the  work,  and  that  the  first 
I   of  length  of  the  tubes  did  as  much  as  all  the  rest.     A  large 
proportion  of  the  tube  surface  might  therefore  easily  be  cut  off,  and 
the  boilers  still  prove  equally  efficient. 

The  Hackwortk  valve-gear  referred  to  in  page  316  had  been  used 
by  the  Admiralty  for  the  last  ten  or  twelve  years,  and  they  had 
had  no  reason  to  regret  it.  He  was  surprised  that  it  had  not  been 
more  used  elsewhere  also,  because  the  whole  gear  was  so  much  more 
iple  than  others,  as  it  had  fewer  working  parts.  With  regard  to 
the  author's  objections  to  radial  valve-gear  for  high-speed  engines 
(page  317),  he  had  the  pleasure  of  knowing  that  many  high-speed 
torpedo-cruiser  engines  had  been  fitted  by  Mr.  Cramp  of  Philadelphia 
with  radial  gear  of  the  kind  constantly  used  in  this  country,  and  were 
now  working  most  satisfactorily. 

The  subject  of  copper  steam-pipes  he  was  glad  had  been  included 

in  the  paper  (page  318),  because  there  had  been  a  feeling  that  copper 

pipes  were  essential  to  marine  engines.     Although  they  were  seen 

nowhere  else,  they  were  always  seen  in  marine  engines ;  and  it  was 

difficult  to  account  for  the  difference.      There  were  only  two  reasons 

that  had  led  to  their  universal  adoption  in  marine  engines :  one  was 

the  n>e  of  salt  water,  with  the  consequent  risk  of  corrosion  in  iron 

or  steel  pipes ;  and  the  other  was  that  copper  pipes  were  supposed  to 

eater  elasticity  in  the  working  of  what  was  regarded  as  an 

structure,  namely  a  ship.     It  had  been   pointed  out  that  the 

pip     which  hud  been  need  had  a  tendency  to  become  injured 

Ollder  certain  conditions:  that  in  brazing  generally— and  in  his  own 

in  the  brazing  particularly  of  the  flanges,  though  this 

had  not  been  specially  mentioned  in  tho  paper — there  was  a  seri< 

difficulty  in  connection  with  copper  pipes.     Tho  many  explosions 

■  had  taken  place  had  occurred  mostly  near  the  brazing  of  the 

fl.'ir  ring  that  the  brazing  of  the  flange  had  something  to  do 

with  ti  ening  of  the  copper  at  that  place.    It  had  also  !><■<  n 

■    perimentally  that  copper  was  seriously  injured  by  being 

ed  in  t;  hbonrhood  of  the  flange,  where  the 

flange  had  to  be  brazed  on  ;   and  the  introduction  of  solid-drawn 

pipes]  to    ay  did  not  improve  the  matter;  for 
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unfortunately  it  was  found  that,  as  in  steel  ingots,  so  in  copper  ingots 
there  were  small  blow-holes,  which  in  the  drawn  pipe  drew 
themselves  out,  not  into  slight  injuries,  but  into  serious  injuries  in 
the  shape  of  slits,  the  pipe  being  slit  where  the  blow-holes  occurred. 
Many  cases  of  that  kind  had  been  met  with ;  and  therefore  even  the 
introduction  of  solid-drawn  copper  did  not  remove  the  evil,  which 
had  to  be  remedied  in  the  patchy  way  mentioned  in  the  paper,  namely 
by  wrapping  or  strapping  the  jnpes  with  copper  or  steel  wire. 
Something  better  he  thought  might  be  hoped  for,  and  that  in  a  little 
time  Lloyd's  and  the  Board  of  Trade  would  issue  regulations  allowing 
the  use  of  cast-iron,  wrought-iron,  or  steel  pipes,  fitted  of  course 
under  their  own  supervision  with  a  sufficient  number  of  expansion 
joints.  For  bends  in  particular,  cast-iron  or  cast-steel  might  be  used. 
Cast-iron  pipes  had  been  employed  for  many  years  by  Mr.  Douglas 
Hebfion  in  Liverpool ;  and  he  knew  of  several  vessels  in  which  they 
were  now  being  used. 

In  the  author's  proposal  (page  320)  to  take  the  coal  burnt  as  the 
measure  of  the  power  expended  in  propulsion,  he  entirely  concurred. 
He  also  wished  to  say  in  the  presence  of  Mr.  Macfarlane  Gray  that 
for  further  progress  in  marine  engineering  there  was  mi  for 

engines  which  would  work  economically  at  low  p  15). 

The  expenditure  of  fuel,  when  large  engines  were  working  as 
frequently  required  in  war  vessels  while  cruisii  at,  that 

there   was   wanted   some  ready  means  of  throwing  one  cylinder  out 
of   action,   oz    disconnecting   the  connecting-rod,  or   something   of 
that  kind,  which  would  give  the  opportunity  of  using  the  machine 
at  a  low  pow<  r. 

Th(  the    author's    direction 

(pa  with  which  he  had  himself  had  something  to  do     w< 

highly  ink  ;    bul   i  fen  the  description   noi  .    of  tl. 

experiments  and  of  the  oonolnm  1  from  tin on  he  thought 

I  the  question  much  beyond  what  he  had  him*  li 

tured   to  say  on  the  subject   in    1881,  uamely  that  the 
propeller  was  still  t  >  •  g]  ol  an  unsolved  problem.     The  cL 

ran  by  the  author  needed  conf  ■  propeller  could 

desi  ;  largi  lv   an 
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empirical  question  that  had  to  bo  dealt  with.     In  regard  also  to  the 
weights  of  marine  engines  as  compared  with  their  power  (page  326), 
this  question    seemed    to    stand   pretty  much   where   it   did  in  the 
:ement  furnished  in  his  own  paper  in  1881  (page  461). 

Mr.  William  Laird,  Member  of  Council,  concurred  in 
congratulating  the  Members  on  the  paper  which  had  now  been 
placed  before  them.  An  application  which  he  should  like  to  mention 
of  modern  forced  draught,  successful  in  a  commercial  sense,  had 
been  made  to  the  vessels  belonging  to  the  City  of  Dublin  Steam 
Packet  Company,  running  between  Holyhead  and  Kingstown.  This 
was  in  consequence  of  the  circumstance  that,  when  tenders  were 
invited  for  a  fresh  contract  for  the  mail  service,  the  conditions 
imposed  had  been  somewhat  more  exacting  than  those  under  which 
these  boats  had  been  working  for  over  twenty  years.  There  were 
four  vessels,  which  were  known  to  be  in  perfectly  good  condition,  as 
were  their  engines  also ;  and  the  difficulty  was  to  make  perfectly 
sure  of  their  maintaining  with  the  necessary  regularity  the  increased 

ed   required   under  the   new  contract.     After  consultation  with 

his  firm  it  had  been  decided  to  apply  forced  draught  with  a  closed 

';e-hold,   and  to   reduce  slightly  the  dip  of  the    paddle  wheels. 

Tin  it    had    been    that    for    several    years  past    these   vessels 

had    been    doing    their   work   most    satisfactorily,   with    the    same 

gumption  of  fuel  for  the  higher  speed,  and  without  any  trouble  at 
all  in  regard  to  the  endurance  of  the  boilers.  This  was  no  doubt 
due  to  tin  alluded  to  in  the  j)aper  (pago  309):   namely  amjdo 

ting  surface  in  the  furnace  and  in  the  combustion  chamber,  and 

plenty  of*  room    for  the  circulation  of  the  water.     The  adoption  of 

thai  had  practically  enabled  those  four  valuable  vessels,  with  a 

rhauling,  to  do  the  required  work,  instead  of  its  being 

eatary  to  build  new  v<      l    and  put  in  new  machinery;    It  was 
new  vessel  called  tin;  Ireland  had  been  built  as  a 

td-by,  which  had  i  speed  than  the  other  four  vessels;  but 

e     the   //./'/•.    M " n.hr,   Leifuters  and   Oonnaught     bad   worked 

■lily  at  the  increased  speed  obtained  with  forced 

For    other  us    the    London    and    North   Western 
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Railway  Company,  desiring  to  carry  their  passengers  at  a  greater 
speed,  Lad  also  placed  in  the  hands  of  his  firm  the  re-arrangement  of 
two  other  vessels,  the  IAly  and  the  Violet  ;  and  in  order  to  obtain  as 
great  an  economy  of  fuel  as  possible,  it  had  been  decided  to  make  the 
engines  on  the  triple-exj)ansion  jn-inciple.  The  three  cylinders  were 
vertical,  and  arranged  more  or  less  like  the  old  steeple  engines.  In 
order  to  economise  space  and  diminish  the  width  of  the  engines 
across  the  ship,  they  were  fitted  with  Joy's  valve-gear.  The 
Members  visiting  his  works  in  Birkenhead  the  day  after  tomorrow 
would  have  the  opportunity  of  seeing  these  engines  in  one  of  the 

—els.  The  boilers  were  somewhat  novel,  being  on  the  locomotive 
plan  ;  and  the  stoke-holds  were  closed,  the  air  being  supplied  by 
fans,  on  the  principle  <.  f  employing  a  moderate  draught.  One  vessel 
which  had  now  been  at  work  for  some  months  on  this  plan  was 
doing  exceedingly  well ;  it  had  given  no  trouble  either  in  the  boil* 
or  in  the  c  .  and  was  burning  less  than  half  the   coal  that  had 

previously   been   used   with    the    old-fashioned   simple    condensing 
engines  which  had  been   taken  out.     Another  set   of   three 
working  with  forced  draught  in  the  Btoke-holds  was  emjdoyed  by  the 

eat  Western  Railway  in  the  service  between  Weymouth  and  the 

Channel     [elands;    and    the    results    they    were    giving    were    so 

-.   both    for    Bpeed    and   economy  of  coal,   that    a    fourth 

--.•1  of  larg(  wras  now  being  built  and  was  nearly  completed. 

These  facts   rather   confirmed  the  author's  views,  and  were  proofs 
that  th<  modern  marine  service  called  for  the  applicati 

i  f  all  the  improvements  which  from  time  to  time  were  introdu 
The  various  progn  -  that  had  been  made  during  the  1, 

in   the  paper  in  a  must  interesting  way:  and  lie 

only  hoped  ti  the  i  athor  might  be  abl< 

show  -till  further  advances,  although  perhaps  they  might  do! 
rapid  as  during  the 

Mr.  William  II.  Whim:.  Member  of  Council,  Baid  it  should 
be  I  in  the  1  i  draught  th<  re  was  ■  oha] 

preceding  that  included  in  the  I   paper.     \i  w..  1  quite 

trui  ieved,  that  in  this  country  the  use  of  forced  drauj 

9  i 


MARINE    ENGINEERING.  JULY  1891. 

(Mr.  William  II.  White.) 

iii  any  vessels  larger  than  torpedo  boats  had  first  been  carried  out 
1  >y  Mr.  F.  C.  Marshall  in  designing  the  machinery  for  the  Chinese 
cruisers  of  which  mention  had  been  made  (page  339) ;  but  it  would 
within  the  memory  of  many  of  the  Members  who  had  visited  the 
Paris  Exhibition  in  1878  that  in  the  marine  collection  there  shown 
the  results  had  been  given  of  extensive  experiments  made  on  a  large 
scale  in  connection  with  the  French  navy,  with   various  forms  of 
what  was  termed  tirage  force.     Those  experiments  were  largely  the 
work  of  M.  Bertin ;  and  they  comprised  not  only  closed  stoke-holds 
and  under-grate  draught,  but  also  induced  draught  in  various  forms, 
including  the  use  of  compressed  air  in  the  form  of  jets  introduced 
at  the  base  of  the  funnel,  so  as  to  avoid  any  closing  of  the  stoke-hold 
or  any  interference  with  the  firing.     The  French  were  at  that  time 
already  employing  the  plan  of  closed  stoke-holds,  which  they  had 
taken  up   by  preference  after  trying  those  various  plans   in  large 
ships  ;  and  it  was  the  action  of  the  French  which  had  led  the  English 
Admiralty  to  go  further  into  the  matter  at  that  time.     The  French 
hud  gone  in  at  once  for  the  closed  stoke-holds.     The  first  application 
ted    draught  in  the  English  navy  had  been  made  in  vessels 
where  from   the   arrangement  of  the  armament  there   was  a  great 
difficulty  in  getting  a  sufficient  air-supply  in  the  stoke-holds.     The 
ke-holds  were  open,  but  with  great  fan  power  for  supplying  air; 
'   trials  that  had  been  made  in  other  ships  with  practically 
the  same  boilers  25  per  cent,  more  power  had  been  obtained  without 
any    closing    of   the    stoke-holds   at  all,    simply    by   the    improved 
ply  of  air  due  to  the  assisted  draught.     Experiments  had  then 
been  made  with  closed  -toko-holds,  beginning  with  a  ship  of  moderate 
radually    working   up   to  one   in    which    the  horse-power 

eloped  i  1   6,000;   and  §o  gradually  all  the  ships  In  the 

id  come  ;  i  be  fitted  with  appliances  i'"r  forced  draught  and 

with  cl<  holds.     In  tin's  way  it  had  become  practicable  to  get 

the  ribed  in  the   paper  (page 309)  in  the  way  of  a  possible 

ease  in  under  circumstances  of  emergency.     But  it  had 

.    intended  that,  the  ,-hij.s  furnished  with  forced-draught 

appliances  should  be  worked  continuously  at  the  higher  air-pressures. 

riod  it  had  been  laid  down  that  under  the  ordinary 
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conditions  of  service  the  air-pressures  in  the  stoke-holds  when  closed 
should  not  exceed  half  an  inch  of  water,  which  he  thought  was  not 
excessive  as  an  upper  limit.  Going  over  a  considerable  period  of 
years,  and  within  this  limit  of  pressure  under  ordinary  working 
conditions — excluding  boilers  of  the  locomotive  kind,  in  which  the 
corresponding  limit  was  about  one  inch — the  experience  in  the  navy 
was  that,  with  all  except  a  special  type  of  double-ended  boih 
there  had  been  no  difficulty  whatever  ;  and  the  author  had 
exactly  expressed  the  fact  when  he  said  (page  309)  that  the 
discredit  which  had  fallen  upon  forced  draught  in  consequence 
of  difficulties  experienced  with  boilers  should  really  be  borne  not 
by  the  forced  draught  but  by  the  particular  d<  sign  of  boiler  used. 
In  a  limited  number  of  ships  there  were  double-ended  boilers,  in 
which  all  the  furnaces  at  both  ends  of  the  boiler  delivered  into 
a  common  combustion  chamber.  This  was  the  kind  of  boiler  in 
which,  not  under  circumstances  of  extravagant  air-pressure,  difficult 
had  arisen;  and   these  difficulties  had  since  to  a  I    been 

rcoine  by  reducing  the  tube  surface,  by  improving  the  circnlati 
and  by  protecting  the  tube  plates  in  the  way  to  which  the  author  had 
properly  referred  (page  310).   hut  in  these  boilers  it  was  not  considered 
advisable  to  apply  the  higher  or  "emergency"  air-]'! 
with   the   ordinary   marine   boilers   in    the    Admiralty  service   laid 
formerly  been  two   inches  of  water  as  a  maximum.    In  the  lal 
of  tlio   ships   of  the   navy   the   limit    of    air-pressure   for 

omstances   of  emergency  had   been    fixed   at    one   inch,  which 
he   believed    did    n<>t  1    the    pressure    that    had   been   used 

:i  Atlantic  voyages  in   some  «'t'  the  finest    pass* 

mere   running  d   Liverpool  and   the    United   Stat.-.      In 

Lnrmation  of  the  opinion  that  the  trouble  experienced  with  certain 
boiL  i  and  nnt  of  forced  draught, 

the  further  important  fact  might  b<-  mentioned,  that  in  one  class  of 
ships  when  condition  was  Identical     except  that  in  the  earlier 

n  chamber  common  to  all  the  tun  m  adopted, 

while  in   t  boh  furnace  had    it-  own   Be]  :mii 

chamber—  whereas  difficulties  hi  :i  in  the  earlier  vessels  with 

the  common  combustion  chamber,  no  difficulty  whatever) 

9  i  -J 
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iu  the  later  vessels  with  the  separate  combustion  chamber.     This 
difference  occurred   iu  boilers   of  identical   dimensions  working  at 
the  same  steam-pressure,  even  when  the  air-pressure  in  the  stoke- 
holds  of  the   later   vessels   had    been    fully    two   inches.      It   was 
only    right    iu    the    interests   of    progress    that    these   facts   should 
be   recognised,    because   forced   draught   had   in  many  minds   been 
charged  with  troubles  which  were  only  indirectly  associated  with  it. 
The  question  of  how  best  to  apply  assisted  draught,  as  he  should 
prefer  to  call  it  rather  than  forced  draught,  was  of  course  one  largely 
experience  to  answer.     In  the  navy  closed  stoke-holds  had  hitherto 
D  used ;  and  from  his  own  personal  observation  when  he  had  been 
afloat  ou  various   ships   of  the   navy  he  had  found  that  it  was   an 
arrangement  which  the  stokers  liked.     He  had  repeatedly  known  the 
3tokers  close  themselves  down  for  the  sake  of  comfort;  and  he  had 
himself  gone  from  the  engine-room  into  the  stoke-hold  to  be  more 
<■  mfortable.     Of  course  there  were  objections  to  the  several  plans. 
If  the  stoke-hold  were  closed  and  the  air  delivered  under  pressure,  air- 
ka  were  rendered  necessary,  with  less  easy  entrance  and  exit ;  but 
then  there  was  no  trouble  whatever  in  the  stoking.   If  the  under-grate 
draught    were   used,    the    blast    must   be  shut  off  when  firing.     If 
the  induced  draught  were  em])loycd,  it  had  to  be  obtained  by  jets  of 
compressed  air  or  steam  discharged  into  the  base  of  the  funnel,  or 
by  an  exhausting  fan  producing  suction  at  the  same   place.     The 
plan  had  been  worked  out  with  great  success  by  Mr.  W.  A. 
Martin    of    London,    and    had    been    experimented    upon    in    the 
navy,  and  it  was  proposed  to  experiment  upon  it  still  further.    With 
of  these   plans    difficulties   must  of  course  be  expected   in 
•  tiling  the  appliance  in  full  working  order.     In  the  Admiralty 
other  desire  whateTer  than  to  gel  the  best  thing  that 

;it  any  time,  and  to  give  the  machinery  Of  the  navy 

ible  efficiency.     The  authorities  he  hoped   had  no 
,    •     in  tlie  matter;    they  certainly  were  not  above  Learning 
>:i  to  be  learnt. 
The  lighfrn^f  of  the  machinery  in  the  navy  was  partly  due  to 

already  explained,  namely  that  for  the  boiler  sh<  ll- 
ich  thicknesses  were  not  adopted  as  were  common  in 
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the  mercantile  marine  ;  and  so  far  as  experience  extending  over 
several  y<  an  could  be  taken  as  a  guide,  the  change  to  thinner  shells 
had  been  fully  justified  by  the  performances  of  the  boilers.  The 
lightness  of  the  engines  themselves  \\ rae  due  in  a  great  measure  to 
a  circumstance  to  which  he  thought  sufficient  importance  had  not 
been  attached  in  the  paper,  but  which  really  exercised  a  great 
influence :  namely  that  in  regard  both  to  the  ships  and  to  the 
machinery  the  fullest  possible  advantage  was  taken  by  the  Admiralty 
of  whatever  could  be  done  in  the  way  of  progress  at  any  time  by  the 
makers  of  the  materials,  and  they  were  prepared  to  pay  more  in  first 
cost,  if  they  could  get,  either  in  the  form  of  forgings  or  castings  or 
in  any  other  way.  an  arrangement  of  material  which  would  give  the 
best  combination  of  strength  with  lightness.  In  the  mercantile 
marine  he  thought  the  author  would  agree  with  him  that  in  the 
later  examjdes  of  engines  a  considerable  improvement  had  !>■ 
made  in  the  same  direction,  by  the  developments  of  steel  manufacture, 
I  particularly  steel  castings,  which  the  Admiralty  had  consistently 
utilised  for  many  years  at  great  cost.  The  aim  in  the  navy  was 
not  to  carry  any  material  that  was  not  doing  wor] 
removal  had  to  be  paid  for. 

While  it  was  not  an  unknown  occurrence  to  have  break-downs  in 

the  machinery  of  the  navy,  neither  were  similar  accidents  unknown 
in  the  mercantile  marine;  but  to  the  latter  it  was  not  consider!  1 
worth  while  to  i_rivc  the  same  prominence  which  was  given  a-  a 
ma  to    the    former,   and    which     was    justified    by    the 

interest   that    the   country   took  in   the   navy.      lint  0VCT  a  Long  pel 
of  years  he  m  than   one   or  t  -   in  which 

the  accident.-  in  tin    navy  laid  hem  of  a  BOriOUS  nature  or  had  a 

the  main  engines.     Afl  a  rule  th«  been  confined  to  parts  of  an 

ciliary  or  subordinate  kind;  and  they  had  not  occurred  in  pa 
which  were  commonly  supposed  to  be  bo  much  Lighter  than  I 
corresponding  parts  in  the  i  of  the  mercantile  marine.     In 

Cain  those  who  had  cha  f  the  machinery  afloat  it  should 

;i    mind    th.  I    difficulty  STOSe  from  the  •  LUg 

ly worked  at  full   power.     B  lad  been  made  in  the 

of  the  en;  liieh  oil  an  I 
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could  develop  a  maximum  of  over  9,000  horse-power,  but  as  a  rule 

were   developing  only  from  1,000  to  1,500  horse-power.     In  their 

fleet    manoeuvres   and   in   ordinary  navigation  the  latter  would  be 

■bout   the  range  of  power  ;  and  only  occasional  trials  were  made  of 

the    maximum    power,  either  quarterly  or   half  yearly.      It  would 

readily  be  understood  what  must  therefore  be   the  difficulty  to  the 

gineers  in  charge  of  maintaining  the  same  efficiency  and  readiness 

in  all  i  for  developing  a  high  power  in  ships  working  so  much 

below  it  under  ordinary  circumstances:  as  contrasted  with  the  state 

of  things  existing  in  ships  running  from  the  port  of  Liverpool  to 

er  a  fixed  distance,  with  their  engines  always  doing  their  best. 

The  conditions  were  altogether  so  different,  that  the  difficulties  with 

i he   naval    engines   were   inherently  considerable,  no   matter   what 

care  might  be  taken. 

In  the  comparison  of  weight  of  machinery  given  in  page  327  and 

Table  1  of  the  paper,  he  thought  the  weight  which  was  in  the  ships 

of  the  navy  was  somewhat  understated  in  relation  to  their  power, 

because  the  relation  was  here  based  on  the  highest  power,  which  was 

developed  only  under  exceptional  conditions.     Some  years  ago  lie 

I    himself  compared    the    relation   between   the    weight    of    the 

machinery  in  a  vessel  built  for  one  of  the  leading  steamship  lines 

and  the  power  ordinarily  developed,  with  the  relation   which  would 

have    held  good  for  a  man-of-war  built  and  cngined  by  the  same 

makers,  and  working  under  what  might  be  called  the  conditions  of  full 

power,  which  were  taken  to  be  about  two-thirds  of  the 

mea  mile  conditions ;  and  the  difference  of  relative  weight  when 

i  was  not  anything  considerable. 

I  abject   of  twin   screws  was  one   with   which   lie   had    been 

ally  concerned  about  thirteen  years  ago;  and  at  that  tune  he 

■  lict  that  there  was  coming  a  period  in  Atlantic 

itioD  wh(  conditions  which  then  existed  in  the  navy  would 

I  in  the  mercantile  marine,  and  thai  twin  screws  would  be 

and  as  a  distinct  advantage.    That 
.  which  at  the  time  had  been  to  some  extent  a  speculation, 

nee  with  twin  screws  in  ressels  from 

:  :.::;;    J  00  tons  up  to  vcss<  I-  of  13,000 
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tons  displacement,  and  for  speeds  varying  from  2G  to  15  knots  ;  and 
so  far  as  could  be  ascertained  under  the  difficulty  of  making  exact 
comparisons  with  single  screws,  the  balance  of  advantage  in  regard 
to  efficiency  of  propulsion  was  on  the  side  of  the  twin  screws.  The 
swiftest  vessels  that  had  yet  been  built,  including  torpedo  boats,  had 
twin  screws.  He  had  himself  taken  the  times  of  a  torpedo  boat 
propelled  by  twin  screws,  which  made  six  runs  over  the  measured 
mile  at  a  speed  of  2b\  knots  an  hour  ;  he  did  not  know  of  any 
single-screw  boat  which  had  done  the  same.  In  one  instance 
he  remembered  such  grave  doubts  had  been  entertained  of  twin 
screws  that  the  speed  for  a  twin-screw  vessel  had  been  specified  two 
knots  below  that  which  would  have  been  guaranteed  with  a  single 
screw  ;  and  at  the  end  of  the  trial  it  was  found  that  the  speed 
actually  attained  had  been  one  knot  above  what  the  single  screw 
would  have  given.  At  the  present  time  the  tendency  was  to 
subdivide  the  power  still  further  in  war-ships.  There  was  now 
building  in  France  a  vessel  of  great  speed  and  great  power,  in  which 
there  were  three  sets  of  engines  and  three  screws  ;  and  in  the  United 
States  the  same  thing  was  bring  done.  The  matter  had  been 
carefully  looked  into  at  the  Admiralty  many  ,  go  ;  and  while 

recognising   the   possibility   that   the  time  would  come  when  three 
might  have  to  be  substituted  for  two  on  a  limited  draught  of 
wuter,  he  thought  the  balance  of  advantage  was  not  yet  sufficiently 

ided  in  favour  of  the  change.  That  was  one  way  however  in 
which  thi  French  and  American  designers  thought  they  were  going 
to  get  <>ver  the  inherent  difficulty  of  the  great  range  of  power 
through  which  the  engines  in  a  war-ship  were  required  to  be  capable 

working.  In  the  u  Blake"  and  •■  Blenheim "  (page  380),  in  which 
the  power  was  20,000  I.I  I. P..  tin  re  w<  re  fem  two  on 

;i  screw-shaft.  This  was  a  plan  which  had  formerly  been  devised 
in  the  Admiralty,  befon  it  had  been  applied  in  any  war-ships  that 
he  knew  of;  but  it  had  then  been  set  an  arrange  ment  which 

would  oome  in  whi  much  greater  powers  were  requin  L     Now 

that  these  higher  powers   1  bed,  the    plan   had  be< 

brought  in:  :  and  it  would  be  interestis  bat  would  be 

the   h  §1    manni  r  of  di  a)  bich   wi 
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arranged  that  they  could  be  separated  for  working  under  ordinary 
conditions.  It  was  clear  that,  if  the  after  set  of  engines  on  either 
shaft  were  to  be  continuously  running,  great  care  would  have  to  be 
taken  to  keep  the  shaft  in  a  true  line  with  the  forward  set  of  engines 
which  were  being  used  only  occasionally ;  and  this  matter  was  not 
escaping  attention.  The  problem  of  working  at  low  speeds  by 
throwing  certain  cylinders  out  of  action  was  also  one  that  had  by  no 
means  been  overlooked.  Seven  or  eight  years  ago,  when  he  was  not 
in  the  Admiralty  service,  he  well  remembered  going  thoroughly  into 
this  matter,  with  Mr.  Marshall  he  believed,  to  see  if  it  could  be 
contrived  to  throw  one  cylinder  out  of  action,  so  as  to  work  the 
engines  at  the  low  powers  as  a  two-cylinder  compound  instead  of 
triple-expansion.  It  was  found  to  be  perfectly  feasible;  and  their 
experiments  at  low  powers  showed  that  even  large  engines  when  so 
treated  did  not  indicate  quite  so  much  waste  as  might  be  imagined. 
The  greatest  difficulty  in  a  war-ship  was  one  that  had  no  concern 
with  engineering,  but  altogether  with  tactics:  namely  that,  even 
when  the  power  had  been  brought  down  low,  it  was  still  necessary 
t  i  have  a  large  reserve  of  power  in  readiness  for  immediate  use.  It- 
might  be  that  for  the  low  power  one  boiler  would  give  all  the  steam 
required,  and  more  ;  but  the  possible  demands  for  variations  in  speed, 
necessary  for  station-keeping  and  purposes  of  that  kind,  compelled 
the  engineers  to  keep  other  boilers  alight,  in  order  that,  when  the 
suddenly  given  from  the  bridge  to  increase  the  revolutions 
from  45  to  60  per  minute  for  keeping  station,  it  might  be  obeyed 
without  hesitation.  In  statements  as  to  coal  consumption  during 
manceuYree  in  which  the  speed  of  the  fleet  was  perhaps  only  eight 

knots,  while  the  possible  speed  that  the   ship   possessed    in    order  to 

ition  would  be  ten   or  eleven   knots,  he    had   often   found   thai 

the  r  required  for  only  eight  knots  was  reported,  instead 

of   the  higher  power  which    would  represent  ten  knots.      As  the 

litnre  of  power  raried   nearly  as  the  cube  of  the  speed,  it 

follow* d   that,   when  nominally  working  at  only  eight  knots    hut 

ly  at  any  moment  for  the  possibility  of  ten  knots,  the  boiler 
IMli  fcically  i  'latin-  twice  u  much  steam  as  was  being 

*lly  n  ..;il  intervals  when  a  spurt  became 
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necessary.     This  was  a   matter  of  great  interest  to  those  engaged 
in  designing  war-ships. 

Not  being  himself  engaged  in  the  design  of  marine  engines,  he 
would  only  add  that  the  mercantile  marine  and  the  war  fleets  of  this 
country  and  of  the  rest  of  the  world  owed  a  great  debt  of  gratitude 
to  marine  engineers  for  what  they  had  done  during  the  last  twenty 
years  in  the  way  of  promoting  commerce,  cheapening  ocean  tram 
and  giving  the  power  of  performing  long  voyages  at  high  speed-. 

lir.  Edward  Reynolds  remarked  that  the  proposal  made  by 
Mr.  Marshall  (page  343)  to  use  cast-iron  steam-pipes  in  ships  might 
to  some  aj)pear  heretical ;  but  in  corroboration  of  their  sufficient 
elasticity  he  might  mention  that  his  own  firm  had  experienced  no 
difficulty  whatever  in  using  cast-iron  steam-pipes  for  steam-hammer.-. 
There  had  not  been  a  breakage  for  many  years,  either  with  15-ton 
hammers  having  9  feet  stroke,  the  top  of  which  swung  considerably 
if  they  struck  an  oblique  blow  ;  or  with  small  hammers  mas 
450  strokes  a  minute,  where  the  vibration  of  the  pip'  dingly 

rapid:  the  connection  witli  these  small  hammi  made  rigidly, 

all  the  movement  being  provided  for  by  the  elasticity  of  the  pi] 

Mr.  Chablks  Cochrane,   Past-Pn  sidenjt,  in  connection  with  the 

erence  made  in  page  319  to  weldless  steel  tubes  spun  out  of  solid 

bars,  mentioned  that  lie  had   recent!;.  >j  <  <imen  of  steel  tubing 

which  had  been  spun  in  a  different  way  out  of  the  molten  metal  by 
a  rapid  revolution,  in  conjunction  with  a  gradual  tilting  of  the  v.  sst  1 
containing  the  molten  steel,  until  at  la>t  the  liquid  metal  took  it- 
solid  form  within  the  revolvin  shape  of  a  hollow 
block  or  cylinder  from  which  the  tubs  mua  afterwards  drawn.  B 
that  plan  the  hopes  of  getting  rid  of  the  occluded  gas*  B,  a-  he 
believed  they  were  called,  seemed  to  be  great;  for  on.-  ..t'  the  little 
blocks  so  formed,  hollow  in  it-elf,  which  was  ready  to  be  drawn 

into  a  tube,  had  been  turned  down  most   carefully,  and  it  revealed 

M'_rns  whatever  of  the  minute  blow-holes,  which  had  1  otioned 

(page  848)  as  lucl  olid-drawn  pipes  prodi 

from    COpper    ingots.        H«-     had     himself    seen     and    examined      tic 
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specimen    so   turned  down,  but  bad   not   witnessed  tbe  process  by 
which    tbe   hollow   block   bad   itself  been   spun   from    tbe   molten 
1  for  making  a  weldless  tube. 

Tbe  reference  made  in  page  322  to  tbe  important  matter  of 
keeping  tbe  water  pure  in  tbe  boilers  of  sea-going  steamers  be 
considered  was  equally  applicable  to  many  land  boilers,  where 
impure  water  bad  to  be  dealt  with.  In  connection  with  the 
evaporators,  a  point  which  bad  not  been  referred  to  was  that,  by 
employing  two  or  three  of  them  in  succession,  the  number  of 
•■  effects,'1  as  they  were  called,  could  be  multiplied.  By  diminishing 
the  pressure  from  one  to  the  other  consecutively,  a  definite  weight  of 

am  to  begin  with  could  be  made  to  evaporate  an  equal  weight  in 
the  first  effect,  barring  tbe  loss  by  radiation  :  a  similar  weight  in  the 

and,  by  the  steam  coming  off  from  the  first ;  and  again  a  similar 
weight  in  the  third,  by  the  steam  coming  off  from  the  second.  Thus 
with  one  initial  quantity  of  steam  three  or  four  times  the  quantity  of 
distilled  water  could  be  produced,  compared  with  that  obtained  from 

jigle  still.  This  be  thought  was  an  important  point  in  connection 
with  land  engines  us  well  as  marine  engines. 

The  employment  of  twin  screws  he  believed  was  attended  with  a 

collateral    advantage   in  the   opportunity   which    they   afforded    for 

dividing    the    vessel    by    a    longitudinal   bulkhead,   instead    of    by 

tra:  bulkheads  only,  in  order  thereby  to  consult  the  safety  of 

the    public    and  to  make  the   ship  unsinkable.     In   discussing    this 

matt  i  ntly  with  the  captain  of  one  of  the  Union  Line  steamers, 

the  latt<  ]•  had  laughingly  asked,  '■  What  about  the  poor  captain  with 

hie  .11  on  one  side?"  and  had  added  that  he  thought  he  would 

;ii-  ship  go  to  the  bottom  than  have  to  manage  her  when 

•  ;  ovei   "ii  one  side.     Thai  of  course  was  ii  difficulty 

1  to  which  ( iperi<  nee  would  have  to  be  acquired  ;  and 

might   be  mel  by  making  some  arrangement   for  filling 

another  compartmenl  on  the  other  side  of  the  ship. 

.  J«  M  I  .:  Ldered  the  paper  now  read  wa 

aluahle  one,  which  would  often  be  referred  to  for  many  yea 
I'        <     i  i  that  the  author  had  do  interests  of  his  own  to 
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Lias  his  views;  and  his  sole  object  seemed  to  be  to  enable  others  to 
advance  yet  further  in  improving  their  practice. 

In  regard  to  the  economy  of  forced  draught  (page  308),  there 
might  be  convenience  in  it,  but  there  could  not  possibly  be  economy 
unless  the  elevation  of  temperature  of  the  funnel  gases  were  thereby 
reduced.  The  heating  of  the  air  was  not  mentioned  at  all  in  the 
paper,  but  it  was  said  that  the  use  of  forced  draught  was  equivalent 
to  an  economy  of  15  per  cent.  It  was  properly  added  however  that 
pert  of  this  economy  might  be  due  to  the  other  heat-saving  appliances 
with  which  the  steamers  using  forced  draught  were  fitted.  In 
considering  forced  draught  he  thought  it  was  important  to  have 
a  clear  appreciation  of  the  advantage  it  really  possessed.  In 
economy  of  coal  the  only  advantage  which  could  be  gained  was 
the  saving  of  heat  from  some  waste  source.  Nearly  enough  for  all 
commercial  considerations,  it  might  be  taken  that  the  calorific  etlect 
of  coal,  as  ascertained  by  laboratory  evaporation  tests,  was  equivalent 
to  2,50Cf  Fahr.  elevation  of  temperature  in  the  products  of  combustion 
on  an  ordinary  firegrate,  whatever  the  quality  of  the  fuel  might  be. 
Every  25  difference  of  temperature  represented  therefore  one  per  cent. 
of  the  ealorifie  value  of  the  fuel ;  or  the  percentage  lost  of  the  calorific 
value  of  the  coal  by  the  elevation  of  temperature  in  the  funm  ] 
WIS  always  equal  to  1  per  Cent  of  that  elevation  of  temperature  in 
degrees  Fahr.  The  unit  in  this  comparison  was  the  total  heat  value 
of  the  fuel,  as  in  a  laboratory   experiment.     In  comparing    natural 

draught  with  forced  draught,  aay  that  the  air  was  obtained  at  80   :  and 

that  at  the  extremity  of  the  heating  surface,  whether  in  the  boiler  or 

in  the  funnel,  the  temperature  of  tin  V     ■     with  the  natural 

drai  I  580    with  thi  1  draught     The  comparison  then 

worked  out  thus:— the  elevations  of  temperatun  tiv.lv 

I  25      ai    I  with    natural    draught    2o    per    cent.    wa>>    wasted, 

Leaving  75  p  .:  while  with  forot  1  draught  t.  was 

'.  h  ai  inj    30  p     i      ■.     The  dim  n  act  was  th<  i  5  on  75, 

or  <     |  .  in  favour  of  forced  draught    This  was  a  g 1  result, 

lmt    it     was    less    than    half  of    ] .,  I       ;'  [      \  rrnj%\»    the 

1    that 
ashpit  air  i  :    but  the  Mving   in  elevation  of  tempt  latuiv 
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must  not  l)e  regarded  as  250°,  because  the  125°  could  be  counted  only 
once.  If  the  air  were  supplied  by  forced  draught,  the  great  difference 
of  temperature  between  the  funnel  and  the  atmosphere  was  no  longer 
required  for  i>roducing  the  draught,  and  the  temperature  in  the 
funnel  might  therefore  be  reduced  by  increasing  the  heating  surface 
in  the  boiler.  Advantage  could  not  well  be  taken  both  of  forced 
draught  and  of  heated  air  to  increase  thermal  economy ;  because  if  the 
temperature  in  the  funnel  were  reduced,  a  larger  extent  of  heating 
surface  would  be  required  for  producing  only  a  small  increase  of 
temperature  in  the  entering  air.  If  the  quantity  of  air  admitted  per 
pound  of  coal  were  reduced,  that  would  in  itself  be  a  source  of 
economy ;  but  then,  the  smaller  the  quantity  of  air,  the  less  gain 
would  there  be  by  reducing  the  waste  temperature.  If  the  air  were 
reduced  to  the  theoretical  quantity  absolutely  required  for  chemical 
union,  say  12  lbs.  of  air  per  lb.  of  coal,  it  would  require  48° 
increase  of  temperature  in  order  to  make  a  difference  equal  to  one 
per  cent,  of  the  heat  of  the  fuel.  There  was  no  doubt  an  economy 
in  forced  draught  if  cheaper  coal  could  be  got.  But  if  this  was 
';il led  progress,  what  was  the  goal  towards  which  it  was  tending? 
and  would  it  be  altogether  an  advantage?  Apart  from  the  Admiralty 
requirements,  which  were  imperative  in  demanding  forced  draught, 
the  goal  appeared  to  him  to  be  an  increase  in  the  price  of  the 
alack  which  was  at  present  wasted  :  so  that  ultimately  the  advantage 
would  all  be  with  the  coal-owner. 

Iri  LO  it  was  remarked,  in  reference  to  the  construction  of 

boilers  for  working  with  forced  draught,  that  the  extontof  the  heating 

'  the  furnaces  and  combustion  chambers  must  be  sufficient 

to  absorb  a    large    proportion   of   the    heat    before   the   products   of 

ached  the  tubes;  otherwise  the  use  of  forced  draught 

would  result  in  burning  more  coal  than  corresponded  with  the  limit 

•  which  the  Burfaces  were  capable  of  taking  up  and  transmitting 

For  the  efficiency  of  the  heating  surface  in  a  boiler 

I.'ankine    bad    given    the    formula    (7',  —  'Vf  -f-  A,    when; 

7'  and   '/'  \m;<  the  temperatures  in  the  hot  gases  and  in  the  wai 

constant  ranging  from  L60  to  200  j  that  is, 

absorbed  per  hour  per  square  foot  <>{'  heating  surface 
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were  represented  by  the  square  of  the  difference  of  the  two 
temperatures  divided  by  160  to  200.  That  was  a  plain  rule,  and 
the  only  question  was  whether  it  was  right ;  it  had  been  thought 
out  by  Professor  Kankine,  who  no  doubt  had  had  a  good  reason  for 
stating  it ;  but  he  did  not  know  that  it  had  as  yet  been  verified.  A 
useful  formula  with  narrower  range  of  constant  was  desirable. 

As  to  the  lightness  of  engines  and  boilers,  this  of  course  was  a 
question  of  importance  to  the  navy,  especially  the  lightness  of 
boilers  ;  but  he  thought  it  would  be  a  great  pity  to  make  them  any 
lighter  than  they  now  were  in  the  shells.  The  ship-owner  who  first 
went  in  for  lighter  boilers  would  have  a  little  advantage  for  a  time, 
but  he  would  also  be  running  a  risk.  Even  if  lie  were  right,  the 
temporary  advantage  would  be  taken  from  him  by  his  neighbours 
as  soon  as  they  saw  that  he  had  been  successful ;  and  it  would  be 
no  advantage  to  him  ultimately. 

In  the  use  of  corrugated  flues  for  furnaces  he  had  found  it  had 
commonly  been  supjwsed  that  all  the  advantage  consisted  in  getting 
an  increased  extent  of  heating  surface  in  the  corrugations ;  and  that, 
if  the  additional  strength  required  were  obtained  by  making 
plate  thicker,  the  conductivity  of  the  iron  would  thereby  be 
diminished.  Those  however  he  considered  were  two  falhu 
Although   there  was   indeed  an  increase  of  surfi  there  was 

no  inc  :.g  surface  in  the  corrugations,  because  the  1 

i<  reived  by  the  crown  of  the  furnace  tv<  m  the  inoandescenl  I'm  1  i 

almost  entirely  radiant  heat,  and  radiant  heat  moved  in  straight  lin<  -  ; 

and  ju>\  is  in  t!  of  rainfall  upon  an  onev<  d  surface,  no  n 

■t   would  fall  upon   the  i  tion  or  would  be  received  by  it 

than    would    be   received    by   ■   plai         rfaoe  which   covered    the 

lugation.     The  noti. in  that  the  conductivity  of  the   natal   [ 
greatly  unpaired  by  its  thickness  was  also  ■  fallacy.     It  used  to  1  »• 
believed  that  the  thickness  of  th<  L  was  a  matt 

in  this  respect;  but  the  modern  view,  which  was  now  held  by  all 
who  had  studied  the  subject,  wi  tated  in  th<-  pa]  L2), 

that  the  resistance  to  the  transmission  of  heat  through  ■  metal  pi 
isi  1  aim  rely  in  th.  ■;<•<■  which  I  I  m  t  n  ith 

at  the  Surface,  in   trying   to    pMI  from  I  i um  into  another,  that 
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in  getting  from  the  air  into  the  iron,  and  again  in  getting  from 
the  iron  into  the  water.  It  was  as  if  the  heat  wavelets  had  to 
change  their  step.  They  were  proceeding  at  a  certain  step  in  the 
air  :  and  then  they  had  to  change  their  step  to  get  into  the  iron. 
It  seemed  as  if  they  had  to  think  about  it,  and  hesitated  before  they 
changed  step  and  got  into  the  iron ;  and  then  they  had  to  change 

i in,  and  hesitated  again,  in  getting  into  the  water.     It  was  there 

that  the  resistance  occurred.     He  did  not  know  that  there  was  any 

rule   directly   limiting  the  thickness  of    furnace-plates  of    steel  or 

ingot  iron  to  5-8ths  inch  (page  312).     There  was  a  crushing  limit 

1 .  about  two  tons  per  square  inch  on  steel  furnace-plates ;  and 

:his  was  reached  at  5-8 ths  inch  thickness  with  furnaces  6  feet 
L»ng,  perhaps  what  the  author  meant  was  that  up  to  say  5-8ths  inch 
the  pressure  allowed  was  proportional  to  the  square  of  the  thickness, 
and  above  this  thickness  it  was  proportional  to  the  thickness  simply. 

In  page  315  his  name  had  been  mentioned  in  connection  with  a 
proposal  for  cutting  off  the  low-pressure  cylinder  for  working  at  low 
power;  and  in  reference  to  Mr.  White's  remarks  on  this  subject 
(page  352)  he  understood  it  had  not  been  attempted  to  experiment  in 
the  navy  with  leaving  off  the  low-pressure  cylinder,  but  one  of  the 
other  cylinders.  This  was;  a  matter  which  was  looked  at  differently 
by  different  people  :  by  one  eminent  engineer  he  had  been  told  that 
it  was  downright  nonsense  to  propose  anything  of  the  kind  ; 
while  another  engineer  had  taken  a  great  interest  in  the  plan,  in 
connection  with  the  steamers  which  were  sent  out  to  China  for  tea. 
He  ■-'  •.:"!  that  it  did  not  matter  how  slowly  they  went  out,  but  they 
had  to  come  home  at  a  high  speed  ;  hitherto  they  had  failed  to  gain 
anything  by  going  out  slowly,  and  lie  now  intended,  if  lie  could 
arrange  it  for  the  pumps,  to  disconnect  the  connecting-rod  of  the 
low-pa  i  cylinder  when  they  went  out  next  season.  This 
arrangement  lie  had  been  informed  had  already  been  carried  out  in 

t  the  new  steamers  of  the  American  navy,  the 

and   he  understood  from   Mr.  Maw  that  it  had  for 

a  long  time  been    tried   a]  o  in   Russia.     Even  the  Russians  were 
■i  advance  in  this  n   peet,  and  they  were  no  doubt  going 
ork  in  the  right  wi  conomica]  slow  steaming. 
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In  page  317  reference  was  made  to  the  link-motion,  and  also  to  the 
lead  of  the  valve  varying.  In  this  connection  the  simplest  rule  to 
remember  was  that  the  link  should  go  with  the  engine,  instead  of 
against  it :  that  is  to  say,  the  direction  in  which  the  link  had  to  be 
shifted  for  starting  the  engine  should  be  the  same  as  the  direction  in 
which  it  was  intended  the  crank  should  rotate.  The  link  then  gave 
an  increased  lead  for  an  earlier  cut-off;  and  this  he  thought  ought 
to  be  so,  because  if  the  earlier  cut-off  were  accompanied  by  a 
diminished  lead,  the  steam  would  be  wire-drawn.  The  principle  of 
crossing  the  rods  so  that  the  link  should  go  with  the  engine,  instead 
of  against  it,  was  carried  out  in  Stephenson's  link-motion.  At  one 
time  he  had  thought  it  was  an  advantage  to  have  the  rods  crossed 
the  other  way,  giving  a  diminished  lead  with  earlier  cut-off  and 
causing  the  valve  to  remain  closed  when  the  engine  was  Btopped  : 
but  many  years  ago  the  mistake  had  been  pointed  out  to  him  by 
jlr.  Oeorgc  Crow  of  Messrs.  Steph<  .  and  lie  had  then  ma 

rule  for  himself  that  if  the  link  went  witli  th<  e  the  had 

was  increased  for  earlier  cut-off,  but  if  it  went  against  the  engine 
the  lead  was  diminished  for  earlier  cut-off. 

In  reference  to  the  early  use  of  wrought-iron  for   steam-pipes 
(page  318),  tlie  first  notable  example  of  wrought-iron  sVam-pii 
mari  zines  he  believed  was  that  of  the  "Great   Eastern";  I 

he  un'  I    it  had  not  proved  a  success,  because  tin-  corrosion 

was  live.     The   "G  rn"    he   believed   had   be 

ken  up  in  Liverpool  ;  and  if  tie  of  the  Bteam-pipefl  oonld 

be  ascertained  exactly,  he  thought  it  would  be  found  that  it  n 

■    •  i'  wrought-iron.     Cast-iron  steam-pipes  had 

inters  where  the  pressures  were  Lower;  but  t! 
w< :  copper  pipes.     In  one- of  the  vessels 

fitted,  then- had  been  a  bad  accident  from  the  bursting  of  a  pipe  \\1 
the  Bteam  was  acta  ring  to  water  lying  in  a  depn 

.'        n  \u    Ifi:\i».    Pa  ;-\'\<  rid<  at,  4m   I  tios 

(j,;i  •  :ill   and  inferior  coal  would 

advantage  only  to  the  coal-owner.     He  fa  ently  i: 

some  coal-minei  in  A'  I  hud  found  that,  the  o  a]  I  i  a 
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friable  nature,  not  less  than  half  of  it  turned  out  to  he  small.  In 
Si  .:  Void  si  lire  lie  understood  from  Mr.  Cochrane  there  were  Borne 
collieries  which  yielded  so  much  small  coal  that  they  were  called 
••  Black  "  collieries.  If  the  circumstances  of  steam  navigation  had 
hitherto  been  such  that  only  half  the  coal  produced  from  coal  mines 

r rally  had  been  available  for  steam-ship  purposes,  and  if  now  by 
the  aid  of  forced  draught  it  was  possible  to  use  the  other  half 
consisting  of  small  coal,  the  supply  available  was  certainly  doubled. 
How  that  result  was  going  to  be  of  no  advantage  whatever  except  to 
the  coal-owner,  he  could  not  see.     Instead  of  raising  the  price  of 

1,  he  should  think  it  would  tend  to  diminish  it.  There  was  the 
old  well-known  saying  that  any  one  who  made  two  blades  of  grass  to 
grow  where  only  one  blade  grew  before  was  a  benefactor  of  the 
human  race  ;  and  he  certainly  thought  that  engineers,  who  by  means 

forced  draught  or  in  any  other  way  made  two  tons  of  coal 
available  where  one  only  could  be  made  use  of  before,  were  equally 
benefactors  of  the  human  race. 

Mr.  W.  Ford  Smith  remembered  that  as  long  ago  as  1847  or 

amer  came  to  Liverpool  from  America,  in  which  forced 

draught  was  applied  by  closing  the  furnaces  and  using  a  blowing 

I  )n  asking  what  benefit  had  been  obtained  from  the  plan,  lie 

had   been    told    that    the    advantage    was    great.      The   vessel   was 

B  large  one,  and  Avas  called  the  "  United  States";  and  he  had  seen 

in u  she  was  in  the  Liverpool  docks. 

Mr.   -J.    IIautlky    W»  kstbed,    Member   of   Council,   asked    the 

author  to  explain  the   mechanical   action  of  the  engine  shown   in 

.  Plate  64,  in  which  the  piston  reds  were  conneeted  with  the 

■  ■I'  ;t  triangular  frame. 

In  to  the  strength  of  furnace  plates,  considering  that  a 

beam  i  in  proportion  to  the  square  of  Its  depth,  it  was  clear 

that,  if  the  same  metal    were  put   into  a  deeper  form,  so  that  it 

more  from  the  t-.p  to  the  bottom  of  the  transverse  section, 

..ini  would  be  stiner  t<>  n  l-t  distortion  than  if  the  metal  wen 

tril  ated  in  a  parallel  form,  which  did  not  measure  so  much  from 
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the  top  to  the  bottom.  In  that  way,  quite  apart  from  the  question 
of  conductivity,  a  furnace  plate  with  circumferential  ribs  or 
corrugations  was  stiffer  than  it  would  be  with  the  same  amount  of 
metal,  or  even  with  a  much  larger  amount  of  metal,  in  a  thicker 
plain  cylindrical  plate. 

Mr.  Michael  Longkidge  thought  that  much  confusion  arose  as 
to  the  merits  of  forced  draught  from  the  want  of  a  clear  estimation  of 
the  kind  of  economy  obtained  by  its  application.  That  forced  draught 
rendered  it  possible  to  burn  inferior  coal  was  beyond  dispute ;  but 
that  it  could  make  a  ton  of  inferior  coal  produce  as  much  heat  as  a 
ton  of  the  best  coal  was  not  to  be  believed ;  and  therefore  in 
estimating  the  economy  to  be  realised  from  the  use  of  inferior  coal, 
a  shipowner  would  at  least  have  to  consider  the  extra  weight  of  coal 
to  be  carried  and  trimmed,  and  the  increased  weight  of  ashes  to 
be  lifted.  It  was  also  beyond  dispute  that  a  given  boiler  and  a  given 
quality  of  coal  would  simply  more  steam  in  a  given  time  with 
forced  draught  than  without  it,  because  more  00*1  oonld  be  burnt 
with  forced  draught  than  without  it.  The  question  was  whether  the 
consumption  of  coal  increased  more  slowly,  or  at  the  wile  rate,  or 
more  rapidly  than  the  production  of  strain  ;  and  the  test  was  the 
Weight  and  temperature  of  the  escaping  gSMS.  livery  pound  of  coal 
represented  a  certain  number  of  units  of  heat. -ay  for  example  1  1,000. 
Of  these  a  certain  portion,  say  1,000  units,  would  be  1"-:  by  radiation  : 
and  another  portion,  say  1,000  units,  by  drawing  unhurnt  coal  out  of 
the  fires  when  cleaning.      There  would   thus   remain.  say  12,000  unit- 

beat ;  of  which  ■  part  would  pass  throngs  the  plates  into  the  water, 

and  the  remainder  would   escape   OB  the  chimney  ;   and  it  was  evi'l 

that,  if  the  pari  carried  ap  the  chimney  wai  increaai  d.  the  pari  absorbed 
by  the  water  would  be  diminished,  that  i-  to  My  a  largi  r  peroenti 

the   coal    Would    be    WSSted.       The    qUe-tioli    then    WIS    whether    the 
ight  and  temperature   ot"  the  chimney  gases   wer<  1  l»y  the 

i  ffoteed  draught.     At  t  i\  it  would  appear  that  they  must 

be,  ••  with  forced  draught  mon-  coal  was  burnt  persona 

heating  su  rod  th< 

-es    would    he   higher.      This  \VM    tin-    view   1;.  I     . 

9  i 
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taken.  But  experiment  Lad  led  him  to  question  its  correctness. 
From  evaporative  tests  of  boilers  in  ordinary  work  with  chimney 
draught  he  had  been  endeavouring  to  ascertain  the  rate  of  transmission 
of  heat  through  boiler  plates  per  square  foot  per  degree  of  difference 
in  temperature  on  the  two  sides,  measuring  carefully  the  coal  and 
water  and  chimney  gases  ;  and  he  had  found  the  transmission  to  vary 
from  about  4  to  6  units  per  square  foot  per  hour  for  each  degree 
Fahr.  of  difference  in  temperature.  He  had  also  calculated  the  same 
coefficient  from  the  published  experiments  of  Professor  Kennedy  and 
Mr.  Donkin  and  others,  with  the  same  results.  Now  in  the  boiler 
of  a  locomotive  working  with  a  blast  the  rate  of  transmission  was 
supposed  to  be  about  11  units  per  square  foot  per  degree  per  hour, 
or  nearly  twice  as  great  as  in  boilers  working  with  an  ordinary 
chimney  draught.  The  difference  he  thought  had  not  anything  to  do 
with  the  type  of  boiler ;  for  one  of  Messrs.  Kennedy  and  Donkin's 
experiments  on  a  locomotive  boiler  with  ordinary  draught  gave  a 

indent  rather  lower  than  4  units.  Was  the  higher  rate  of 
transmission  in  the  locomotive  with  the  blast  in  any  way  connected 
with  the  higher  velocity  of  the  gases  passing  over  the  heating 
surface  ?  It  was  well  known  that,  in  heating  water  with  steam  or 
in  condensing  steam,  the  rate  of  transmission  of  heat  was  materially 
increased  by  a  higher  velocity  of  the  currents.  If  the  same  thing 
occurred  in  transmitting  heat  from  gas  to  water  through  the  plates 
or  tubes  of  a  boiler,  it  was  possible  that,  with  a  forced  draught  and  a 

It  velocity  through  the  flues,  more  heat  might  be  transmitted  per 

foot  per  degree  of  difference  in  temperature  than  with  natural 

draught  and   a  lower  velocity.     Experiments  with  ordinary  draught 

med  to  point  in  this  direction ;  for  the  coefficient  of  transmission 
appeared  to  increase  with  the  quantity  of  coal  burnt  per  square  foot 

of   heating  iurface,  and  witli   the  quantity  of  air  burnt   per  pound  of 

!.     It  aright  therefore  he  possible  that  owing  to  the  higher  rate 

•i    more  coal    might  be   burnt   in   a   given    hoiler  with 

•  I   draught   than  without  it,  and  yet   tin;   temperature  in  the 

chimney  might  not  be  materially  increased,  while  the  percentage  of 

by  radiation,  and  the  percentage  of  nnburnt  coal  in  the 

would  undoubtedly  be  reduced     II« race  it  teemed  to  him  that 
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there  might  be  some  economy,  or  at  all  events  no  loss,  from  using  a 
higher  water-gauge  pressure.  In  calculating  the  coefficient  of 
transmission  a  very  speculative  quantity  had  to  be  dealt  with,  namely 
the  temperature  of  the  furnace.  For  this  calculation  reference  had 
been  made  by  Mr.  Gray  (page  356)  to  Rankine's  rule,  which  assumed 
that  the  transmission  varied  as  the  square  of  the  difference  of 
temperature  ;  but  he  did  not  see  that  there  was  any  more  satisfactory 
reason  for  supposing  that  the  transmission  varied  as  the  square  than 
for  assuming  that  it  was  proportional  to  the  first  power  of  the 
difference  of  temperature.  The  latter  was  the  assumption  he  had 
made  the  basis  of  his  own  calculations,  because  it  was  clear  that 
in  taking  the  square  of  the  difference  any  errors  in  the  estimation  of 
the  furnace  temperature  would  have  a  far  greater  influence  on  the 
results  ;  and  the  coefficients  obtained  would  be  likely  to  be  even  more 
erratic  than  they  unfortunately  were.  On  these  grounds  among 
others,  it  seemed  to  him  that  theoretical  reasoning,  based  upon  a  rate 
of  transmission  which  was  assumed  to  be  unaffected  by  the  velocity 
of  the  gas  currents,  was  not  conclusive  ;  and  that  there  might  after 
all  be  some  intrinsic  economy  in  forced  draught,  apart  from  quality 
or  price  of  coal  and  from  first  cost  of  boilers  and  space  occupied 
by  them. 

Sir    James    X.    Douglass,   Vice-President,   having    had     some 
experience   at    sea   with   a   vessel  carefully  fitted   with    forced   or 
assisted  draught,  considered  that,  apart  from  the  theoretical  up 
of  the  question,  there  was  ■  greet  deal  in  it  of  a  practical  nature. 
A  ship  not  provided   with    assisted   draught    WSS   subject   to  all    the 

fluctuations  of  the  atmosphere.    One  day  the  engineer  would  report 

that    there    had    been    a    capital    draught,   and    that    everything   WSJ 

satisfactory  as  for  at  oombnstion  went,  the  ooal  having  done  its  work 
well ;  while  another  day  he  could  do  nothing  with  the  fires,  and 
everything  was  against  them,  and  he  was  simply  poking  the  ooal 
through  the  fire-ban  and  wasting  it.  especially  it'  it  was  not  of  the 
first  quality.  Again,  it  was  well  known  that  ■ometunes  the  starboard 
boiler  might  he  working  well,  while  it  seemed  a-  if  nothing  oould  be 
done  to  make  the  port  boiler  work  efficiently.    With  assist  <\  dran 

•J  i  -2 
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a  sliip  had  the  means  of  producing  satisfactory  combustion  every  day, 
which  must  bave  a  great  deal  to  do  with  economy;  and  the  air- 
pin -sure  could  be  varied  from  J  inch  up  to  2  inches  of  water,  to  meet 
the  contingencies.  Looking  at  the  matter  from  a  simple  practical 
point  of  view,  he  considered  there  was  much  to  be  said  in  favour  of 
forced  draught ;  and  if  it  were  not  attempted  to  carry  it  too  far,  he 
maintained  that  in  its  present  aspect  it  was  a  valuable  adjunct  to 
ocean  navigation. 

Mr.  Blechynden  said  that,  in  referring  to  the  question  of  forced 

draught,  Mr.  Macfarlane  Gray  had  expressed  the  opinion,  on  certain 

grounds  of   his  own  (page  355),  that  there  could  not   possibly  be 

economy  unless   the   temperature  of  the  funnel  gases  were  thereby 

reduced.     But   having   learnt   to    place   more    reliance    upon    facts 

than  upon  opinions,  he  hoped  to  be  excused  for  differing  utterly  from 

that  view.     It  had  been  shown  in  the  paper  that  in  the  examples 

given   those  boilers   which  were  worked  with  forced  draught  were 

more  economical  as  regarded  coal  consumption  in  relation  to  power 

indicated  than  those  worked  with  natural  draught.     These  examples 

were  given  in  Table  5  and  summarised  in  page  308  ;  and  unless  it 

could  be  proved  that  the  superior  economy  was  due  to  some  other 

cause,  it  would  be  fairly  certain  that  forced  draught  would  get  the 

credit  of  the  saving.      But    there    might    also    be    another   source 

of    economy,  referred    to    afterwards  by  Mr.    Gray  (page    356),  in 

diminishing  the  quantity  of  air  supplied  for  combustion.      It  was 

evident  that,  if  the   quantity  could  be   reduced  by  10  per  cent.,  the 

temperature  of  the  products  of  combustion  would  bo  increased  about 

L0  per  <■<  nt..  and  as  the  efficiency  of  heating  surface  was  in  proportion 

ome  function  of  the  difference  of  temperatures  upon  its  two  sides, 

the  economy  would  thereby  be  augmented;  and  mots  went  to  show 

Lew  wtm  Bound.    To  the  statement  that  the  heating  surface 

un  be  increased  if  economy  were  to  be  attained  with  forced 

j  it,  lie  Likewise  demurred  on  the  ground  of  facte  to  the  contrary. 

I  •  rimentfl  had  been  made  in  one  vessel  having  four 

boilen  of  the  navy  type,  which  were  fitted   with    forced  draught 

applied  on  thi  Ice-hold  principle:  when  two  of  the  boilers 
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were  tried  under  forced  draught,  it  was  found  that  with  about  one 
inch  water-gauge  of  air-pressure  the  same  power  could  be  developed 
as  with  four  boilers  under  natural  draught  with  the  same  coal 
consumption,  though  in  the  first  case  each  indicated  horse-power  was 
being  developed  on  about  2  ■  1  square  feet  of  heating  surface,  while 
in  the  second  4*2  square  feet  were  required.  Thus  a  decided 
advantage  in  economy  was  shown  for  forced  draught. 

By  the  pass-over  slide-valve  mentioned  in  Table  5  was  meant  a 
valve  with  a  port  of  the  Allen  or  Trick  kind,  but  so  arranged  that  it 
made  communication  between  the  ends  of  the  cylinder  at  the  point  of 
release.  Thus  part  of  the  steam  released  from  one  end  of  the 
cylinder  was  made  to  fill  the  port  and  clearance  at  the  other  end, 
whereby  an  economy  was  effected.  The  particular  make  of  this  valve 
that  was  fitted  in  the  examples  referred  to  in  Table  5  was  that  of 
Mr.  John  Thorn. 

In  the  engine  shown  in  the  diagram,  Fig.  20,  Plate  G-4,  the 
triangular  frame  by  which  the  two  piston-rods  were  connected  with 
the  crank  was  a  solid  rigid  frame,  swinging  on  the  end  of  the  air- 
pump  lever,  and  its  two  top  corners  were  each  attached  by  a  link  to 
the  corresponding  piston-rod,  which  was  of  course  guided  in  a  vertical 
line.  Hence  in  the  position  shown  in  the  diagram,  with  the  crank  on 
the  top  centre,  the  first  etfect  of  the  movement  of  the  crank  in  either 
direction  would  be  to  tilt  the  triangle,  and  to  throw*  one  piston 
higher  up  and  draw  the  other  down.  Later  on,  both  pistons  would 
be  moving  down  together,  until  the  crank  was  passing  the  bottom 
centre,  when  tin-  conyerse  i  Sect  would  he  produced  in  the  motion 
of  th<-  pistons:  after  which  they  would  both  move  upwards  together. 
The  introduction  of  the  blast-pipe  in  Locomotives,  which  had  been 
ascribed  by  Mr.  Marshall  (page  339)  t<>  George  Stephenson,  might 
more  justly  he  attributed  he  thought  t<>  Timothy  Qackworth,  or 
possibly  to  Trevithick ;  while  perhaps,  i  l«'l  the  origination  of 

Btrictlj  ;  draught  for  steam  boil*  i  a  better  case  might 

be  made  out  for  Braithwaite  and   Ericsson,  who  had   used   belli 
in  the  -  Now  U 

All  the  results  obtained  from  il  i  eriments  mentioned  in 

pa  bad  been  carefully  compared  with  practical  results,  and  had 
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(Mr.  Blechynden.) 

been  found  to  agree  accurately  therewith  ;  and  advantage  had  been 
taken  of  them  in  designing  propeller-  on  the  largest  scale,  with 
marked  success.  It  was  true  however,  as  justly  observed  by  Mr. 
Marshall  (page  344),  that  the  subject  was  largely  empirical ;  and 
in  this  respect  indeed  it  was  like  many  other  questions  of  considerable 
importance  in  engineering. 

Attention  had  been  called  by  Mr.  White  (page  350)  to  the  fact 
that  the  propelling  machinery  adopted  in  the  navy  was  no  lighter, 
relatively  to  its  ordinary  power,  than  that  in  the  mercantile  marine. 
Not  only  however  was  it  not  lighter,  but  it  was  indeed  far  heavier,  as 
seen  from  the  comparison  in  Table  8  between  the  lightest  (No.  9)  of 
the  three  sets  of  naval  machinery  (Nos.  7,  8,  9)  in  Table  4,  and  the 
machinery  of  some  mercantile  vessels.  From  this  comparison  it 
would  appear  that,  for  the  power  at  which  it  was  to  be  worked  during 
perhaj^s  95  per  cent,  of  its  whole  time  of  running,  the  weight  of 
material  allowed  in  naval  machinery  was  double  of  that  allowed  in 
the  mercantile  marine  for  the  same  power.  Nevertheless,  as  the 
safety  of  the  navy  depended  upon  the  certainty  of  the  maximum 
power  being  developed  without  mishap,  it  was  necessary  that  the 
allowance  of  weight  for  the  full  power  should  be  sufficient  to  ensure 
no  part  being  strained  beyond  safe  limit-.  With  tin  present  weights 
allowed,  and  with  economical  use  of  the  material,  there  was  no  reason 
why,  in  machinery  such  as  that  represented  in  tin-  first  line  of 
Table  8,  any  part  Bhonld  be  strained  beyond  what  would  be 
considered  perfectly  safe  in  mercantile  work. 

The  Pbiszdshi  said  this  paper  was  especially  interesting  in 
Liyerpool,  where  marine  engineering  had  made  snob  rapid  strides* 
It  was  also  acceptable  as  continuing  the  papers  of  sir  Frederick 
Bramwell  and  Mr.  Marshall,  whereby  in  reality  an  account  n\:is 
ren  of  what  had  taken  place  from  the  commencement  of  steam 
oaYigation  to  the  present  time.  It  was  now  his  pleasant  duty  to 
propost  dial  vote  <»i"  thanks  t«>  Mr,  Blechyndi n  for  his  paper; 

and  all  the  Meml  I  WBS  WttK    WOUld    heartily  join    in    according 

it   t«»   him. 
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'Sir.  Robert  Bruce  wrote  that,  although  reference  was  made  in 
the  paper  to  the  use  of  closed  ashruts,  closed  stoke-holds,  and 
mechanically  induced  draught,  no  examples  were  given  of  ships 
worked  continuously  at  sea  under  these  plans,  whereby  comparisons 
might  be  drawn.  Artificial  draught  by  means  of  exhausting  apparatus 
in  the  uj)take  was  one  of  the  oldest  methods  of  stimulating 
combustion ;  it  was  subject  to  the  disadvantages  of  natural  draught, 
inasmuch  as  the  air  drawn  by  the  exhauster  could  not  be  made 
to  distribute  itself  equally  through  each  furnace  and  over  the 
whole  heating  surface,  and  there  was  always  a  tendency  for  the 
hottest  or  strongest  currents  to  absorb  the  cooler  and  weaker  ones ; 
there  was  consequently  a  lack  of  uniformity  in  temperature  throughout 
the  heating  surfaces,  and  of  a  proper  control  over  the  distribution  of 
the  air  supply.  The  exhausting  arrangement  had  the  effect  of 
increasing  the  velocity  of  the  hot  gases,  and  thereby  preventing  them 
from  imparting  their  heat  to  the  heating  surfaces  so  advantageously 
as  with  natural  draught.  Another  disadvantage  was  that  a  fan 
dealing  with  hot  gases  could  not  be  an  economical  appliance 
as  to  wear  and  tear;  and  its  size  for  exhausting  from  a  given 
range  of  boilers  would  require  to  be  at  least  double  that  of  a  fan 

ding  with  air  at  the  temperature  of  the  atmosphere.  The  closed 
ashpit  he  also  considered  was  at  variance  with  economical  working. 
'I'hc  air  admission  being  restricted  to  the  under  side  of  the  fuel  on  the 
WAS  a  lack  of  air  to  consume  the  volatile  products,  and 
{iioiit  loss  of  heat,  with  great  production  of  smoke.  Where 
the  closed  stoke-hold  was  employed  merely  as  an  auxiliary  to 
boiL  bich    were    already    largo    enough    for    their   duty   with 

Datura]  draught,  and   was  brought  into  use  only  when  the  weather 

rere    unfavourable    for   good  natural    draught, 

the  ibustion     usual     with    natural    draught     was    not 

1.      WhflD    however    the    closed    stoke-hold    was   adopted     for 

boilers  intendi  <ri  with  a  high  rate  of  combustion  and  a  high 

pom  ■  of  boating  surface,  then  the  injurious  nature  ol 

plan   i  nt.    Altogether  the  continuous  working  of 

the  plan  was  surrounded   with  serious  practical  difficulty;   it  was 

d  with,  and  any  increase  of  power  beyond  that  due  to 
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natural  draught  had  to  be  obtained  regardless  of  economy  of  fuel. 
When  with  forced  draught  was  combined  a  proper  method  of 
controlling  the  distribution  of  the  air  to  each  furnace  and  ashpit,  and 
also  a  simple  mode  of  heating  the  air  by  the  waste  gases,  any  ship  so 
fitted  was  able  on  short  notice  to  reduce  or  augment  the  production 
of  steam  according  to  the  power  required.  In  relation  to  the 
work  done,  strong  evidence  in  favour  of  forced  draught  as  compared 
with  natural  draught  was  supplied  in  Table  5.  Comparing  for 
instance  Xo.  11  having  natural  draught  with  No.  23  having  forced 
draught,  the  former  for  rather  less  power  had  seemingly  two 
double-ended  boilers,  entailing  two  stoke-holds,  double  mountings 
and  fittings,  and  a  larger  number  of  men.  The  latter  had  only  one 
boiler  with  only  three  furnaces,  one  stoke-hold,  and  much  less  d< 
weight  in  the  boiler  compartment,  giving  to  the  ship  a  corresponding 
increase  in  freight  capacity  ;  there  was  also  a  substantial  saving  in 
fuel  of  14  per  cent.,  which  in  some  cases  was  even  exceeded. 

Mr.  Thomas  L.  Mii.lkk  wrote  that,  under  the  head  of  feed  heating, 
figures  were  given  in  page  321  to  show  the  economy  of  taking  Bteam 
for  this  purpose  from  the  high-pressure  or  low-pressure  receiver  ;  and 
it  appeared  to  be  concluded  that  the  economy,  as  far  as  the  boiler 
\vu-  concerned,  was  due  simply  to  the  smaller  number  of  heat  units 
required  to  be  put  into  the  water  in  order  to  convert  it  into 
steam.  In  addition  however  to  the  reduction  in  the  number  of 
heat  units  taken  up  by  the  water,  he  was  of  opinion  that  t! 
was  ■  further  economy  due  to  increased  efficiency  of  the  heating 
surface,  m  had   been   shown   dearly   by  Borne   experiment!   which 

he    had    him— If   conducted.      In    these   experinieiiN    water    had    b) 

paased  at  ■  gives  velocity  through  tubes  surrounded  by  steam  at 
■  ]  of  5J  Lbs.  per  square  inch  above  the  atmosphere  and  a 

temperature  of  231  Fahr. ;  and  it  was  found  that,  by  increasing  the 
temperature  of  the  water  passing  through  the  tubes,  the  efficiency  of 
the  heating  surface  was  iDoreased  to  s  ■— fc^l  extent,  ai  bom 

the  following  figures  :  — 
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Fahr. 

Fahr. 

Fahr. 

Fahr. 

43° 

48° 

81° 

157i° 

212° 

212° 

212° 

212° 

127£° 

130° 

1461° 

1S4£° 

103$° 

101° 

S4£° 

46J° 

20|  lbs. 

25  lbs. 

26J  lbs. 

30i  ibs. 

units. 

units. 

units. 

units. 

381 

417 

484 

780 
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Temperature  of  water  before  entering  tubes   . 
„      on  leaving  tubes 
t>  mp.  of  water  passing  through  tubes 
Difference  from  temperature  of  steam  . 
Evaporation,    lbs.    of  water    per   hour   peri 
■qnare  toot  of  heating  surface  \ 

Heat-units  absorbed  per  hour  per  square' 
foot  of  heating  surface  and  per  degree, 
of  difference  of  temperature  ....     -J 

In  practice  he  had  also  noticed  the  same  effect.  In  one  particular 
instance  a  boiler  of  locomotive  type,  fed  with  cold  water  from  the 
town  mains,  had  been  unable  to  supply  steam  enough  ;  but  on  heating 
the  feed-water  by  means  of  a  coil  in  the  feed-water  tank  with  steam 
taken  direct  from  the  boiler,  no  difficulty  had  been  experienced  in 
keeping  up  the  required  supply  of  steam.  This  instance  was  similar 
to  the  concluding  example  given  in  page  321  of  the  paper,  and  clearly 
pointed  to  the  fact  that  the  plan  there  referred  to  did  involve  economy 
of  fuel,  for  the  reason  indicated  by  the  foregoing  figures. 

Mr,  Blechyhdeh  regretted  that  examples  were  not  conveniently 
at  hand  for  comparing  the  economical  results  of  the  closed  stoke-hold 
and  under-grate  systems  of  forced  draught.  It  would  be  seen 
however  from  Mr.  Laird's  remarks  (page  344),  as  well  as  from  his 
own  reply  to  Mr.  Gray  (page  3G4),  that  Mr.  Bruce  was  wrong  in  the 
assertion  (page  868),  which  moreover  was  not  supported  by  figures, 
that  with  closed  stoke-holds  any  increase  of  power  beyond  that  due 
to  oatnra]  draught  bad  to  bo  obtained  regardless  of*  economy  of  fuel. 
Bni  :!  '  closed  stoke-hold  had  its  disadvantages,  to  which  most 
quite  alive. 

With   regard  to  Mr.  Miller's  interesting  notes  on  feed  heating 

ed  to  bin  that  his  experiments  on  the  rate  of 

on  of  heat  through   the  sides  of  a  tube  would  be  well 

rth  mpeating  in  the  light  of  the  experiments  made  in  1874  by 

Mr.  B.  GK  Nichol  of  K  fcle-on-Tyne  fox  determining  the  rate  at 

wl  transmitted  through  s  oondt  user  tube,  with  a  view  to 

obtaining  exact  data  for  proportioning  the   surfaces  of  condei 
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("Engineering  "  10  Dec.  1875,  page  449).  Those  earlier  experiments 
might  be  regarded  as  identical  with  Mr.  Miller's,  inasmuch  as  water 
was  passed  through  the  inside  of  a  tube,  and  was  heated  by  steam 
outside ;  and  the  experiments  were  made  with  the  tube  placed  both 
horizontally  and  vertically.  The  results  went  to  show  that  the 
amount  of  heat  transmitted  through  the  walls  of  the  tube  per 
estimated  degree  of  mean  difference  of  temperature  increased 
considerably  with  this  difference.     For  example  : — 


Estimated  mean  difference 
of    temperature    between 

inside  and  outside  of  tube 

Heat-units  transmitted  per 
square  foot  of  surface  per 
degree  of  mean  diff.  of  temp. 


Vertical  Tube. 
Fahr.      Pahr.      Fahr. 
128°      151  -!)0    152-9 

units,      units,      units. 
422         531         561 


Horizontal  Tube. 
Fahr.      Fahr.      Fahr. 
111-0°    146-2°    150*4e 

units.      units.      units. 
G10         T:;7         823 


These  results  were  exactly  contrary  to  Mr.  Miller's.  In  Mr.  Xichol's 
experiments  the  mean  differences  of  temperature  were  estimated  on 
the  assumption  that  the  rate  of  transmission  was  proportional  to  the 
difference  of  temperature  on  the  two  Bides  of  the  plate  through  which 
the  heat  passed ;  and  this  was  evidently  incorrect,  and  inconsistent 
with  the  results  of  his  trials.  In  Mr.  Miller's  experiments  the  mean 
difference  of  temperature  was  estimated  by  taking  the  aritlnnc  thai 
mean  between  the  initial  and  final  difference  €  :  and  this  must  also  be 
incorrect,  if  the  rate  uf  transmission  followed  any  regular  law  at  all. 
These  inaccuracies  however  would  not  account  for  the  variation  betwei  D 
the  results  of  the  two  experimenters.     Baying  himself  been  present 

when  Mr.  Nichol'fl  experiments  were  made,  he  naturally  placed  BOme 
reliance  upon  the  eare  with  which  they  were  carried  out  :  and  he  WIS 
therefore   unable   to   assent   to   the   doctrine    that   heating   suit: 
incn  ased    in    efficiency    with   cL  1    difference   in   temperature 

tween  the  heating  and  the  heated  fluid.  The  mcroasod  efficiency 
of  the  locomotive  boiler  with  the  feed  heater  described  by  3Ir.  Miller 
might   perha]  inted   for   by   the   heated   feed    prerenting 

priming,  ai  he  had  known  to  happen  is  othi  i 
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DESCMPTION  OF  THE  WAKEHOUSE  AND  MACHINEKY 

FOR  THE  STOEAGE  AND  TRANSIT  OF  GRAIN 

AT  THE  ALEXANDRA  DOCK,  LIVERPOOL. 


By  Mr.  WILLIAM  SHAPTON,  of  London. 


Since  the  paper  read  to  this  Institution  in  1869  (Proceedings 
page  208)  by  Mr.  Percy  Westmacott,  Past-President,  on  the  hydraulic 
Machinery  for  Warehousing  Grain  at  the  Liverpool  and  Birkenhead 
docks,  the  system  of  carrying  upon  flexible  canvas  and  rubber  bands 

l>een  greatly  extended  and  adopted,  both  in  this  country  and  on 

the  Continent,  and  also  in  America.     The  latest  example  is  the  Silo 

I  Iranary  or  Elevator  of  the  Liverpool  Grain  Storage  and  Transit  Co. 

at  Rootle,  Liverpool,  which  the  Members  have  been  kindly  invited  to 

on  the  occasion  of  the  present  meeting. 

The  objects  aimed  at  in  designing  this  granary  were: — 1st,  the 
:   storage  capacity  on  a  given  area  of  ground;  2nd,  economy 

construction;  3rd,  immunity  from  fire  risk;  4th,  economy  of 
labour  in  the  several  processes  of  discharging  from  ships,  reception 
into   the  granary,    turning   over   to   keep  the  grain  in  marketable 

'lition,  bagging,  weighing,  and  delivering  into  railway  wagons 
into  carts. 

Building.     A-  shown   in  the  general  plan,  Fig.  1,  Plate  70,  the 

.*  :i  considerable  distance  from  the  dock  side.     On 

three  sides  it  has   direct  connection   with  the  London  and   North 

Western,    Lancashire   and    Yorkshire,   and   I\li<llun<l    Railways,   for 

del  in;    whilst    the    front    is    occupied    by    llic    engines, 

.    and    ott'n-<  -.      Tin:    dimensions   of  the    building  in   plan    arc 

.  172  feet,  within  which  are  contained  250  hexagonal  bins 
rk,  each  nu  L2  Cat  I  width  across  from  side  to  side  in 
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the  upper  portion,  Fig.  10,  Plate  74,  by  nearly  80  feet  depth  inside  ; 
besides  a  large  number  of  half-bins  next  to  the  main  walls,  which  are 
used  exclusively  for  delivering  into  sacks.  The  total  capacity  of  the 
bins  is  56,000  tons  or  2,240,000  bushels.  On  three  sides  there  arc 
lean-to  sheds,  Figs.  4  and  5,  Plates  71  and  72,  in  which  the  processes 
of  weighing,  sacking,  and  delivering  are  carried  on.  The  foundation 
walls  of  the  bins  are  14  inches  thick  up  to  a  height  of  27  feet,  above 
which  they  are  carried  up  9  inches  thick  for  the  remaining  height  of 
63  feet  to  the  top,  Fig.  4.  The  toj)  is  covered  over  with  a  fire-proof 
floor,  through  which  there  are  manholes  with  raised  lips  for  the 
passage  of  the  grain;  the  raised  lips  round  the  manholes  are  provided 
to  prevent  water  from  getting  into  the  bins,  in  the  event  of  the  floor 
being  flooded. 

Elevators.  —  The  grain  is  lifted  from  barges  in  the  docks 
by  four  elevators  at  the  dock  side,  and  is  conveyed  to  the 
granary  on  bands  running  in  subways  under  the  quay  and  Regent 
Road.  At  No.  1  Alexandra  branch  dock  there  are  two  outside 
elevators,  Figs.  22  and  2."),  Plate  7*.  each  having  a  nominal  lifting 
capacity  of  75  tons  per  hour.  The  grain  is  dredged  from  the  hold  of 
the  barges  by  these  elevators,  lifted  13  feet,  and  delivered  into  • 
receiving  hopper  A,  from  which  it  is  again  lifted  82  feel  by  ■  Beoond 
elevator    inside    the    tower,    where    it     is    deliver*  '1     into    ■    second 

<  iving  hopper  B.  Thence  it  flows  by  gravity  into  a  weighing 
hopper  C  underneath,  which  weighs  two  toofl  at  a  time,  and  deliyi 
into  a  distributing  hopper  1)  beneath.  This  hopper  holds  grain 
enough  to  maintain  a  continuous  1,-,  i  to  the  carrying  bands, 
at  the  siiiio  time  of  sufficient  capacity  to  receive  the  intermittent 
deliveries  from  the  weighing  hopper  0.  Shovels  a  scrapers  are 
employed  in  the  hold  for  trimming  the  grain  to  tin  rs,     \". 

shovels    are    hauled    by    ropes   wound    apoo    a  friction    winch    in    the 
tOWQir,  haling  an  alternate    reversing   motion;    the    ropes   are   hd   into 

the  hold  through  snatch-blot  as  to  travel  tin  n  in  ■  fore 

and  aft  direction  alternately. 

When  it  is  desired  to  deliver  the  grain  into  the  dock-sidi 
instead  of  into  the  bins,  it  ii  discharged  either  through  spouts  from 
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the  top  of  the  inside  elevator,  or  from  the  distributing  hopper 
below  the  weighing  machine.  Portable  bands  supported  on  trestles 
are  Ofled  for  conveying  it  to  the  point  of  storage  on  the  floors  of 
the  sheds. 

A:  No.  2  Alexandra  branch  dock  there  are  two  similar  towers, 
Figs.  22  and  23,  Plate  78,  with  elevators  and  other  appliances  as 
above  described,  each  of  100  tons  nominal  lifting  power  per  hour, 
but  capable  in  practice  of  discharging  and  weighing  at  the  rate  of 
145  tons  per  hour. 

Carrying  Bands. — The  grain  is  carried  from  No.  1  branch  dock 
elevators  on  two  18-inch  bands  to  a  point  E,  Fig.  1,  Plate  70,  near 
No.  2  branch  dock,  where  it  is  thrown  upon  either  one  or  two  28-inch 
1  Kinds  and  carried  to  the  corner  junction  F,  Figs.  16  to  21,  Plates 
76  and  77.  Here  it  is  again  transferred  to  another  pair  of  28-inch 
bands  running  at  right  angles,  which  deliver  it  simultaneously  to  any 
two  of  the  three  150-ton  main  receiving  elevators,  Figs.  7  to  9, 
Plates  73  and  74.  These  lift  it  132  feet  and  deliver  to  three  28-inch 
bands  on  the  top  floor  of  the  building.  The  bands  have  movable 
throwing-off  machines,  which  can  be  placed  in  the  positions 
required  for  throwing  the  grain  into  spouts  that  conduct  it  to  the 
bins.  These  three  28-inch  bands  command  the  entire  range  of  250 
bins,  or  an  area  of  40,280  square  feet.  For  delivering,  turning 
. .  and  conditioning  the  grain,  there  are  five  100-ton  elevators,  and 
22-inch  bands;  five  of  the  latter  are  in  subways  below  the  bins, 
J      .4,  Plate  71,  and  five  are  above. 

rable  hoppers  conduct  the  grain  from  the  bottom  of  the  bins 

bonds  which  convey  it  to  the  delivery  elevators,  Fig.  6,  Plato 

72,      1    '   e  aleyaion  deliver  through  hoppers  G,  II,  and  I,  k)  the  fo>2> 

which    carry  tli<-    grain   back  again  either  to   the  bin  whence 

it  wai  drawn  or  fco  ■  fresh    bin,  thus  thoroughly  separating  and 

raitflating  it      Pot  delivering  into  carts  or  railway  wagons,  the  graii] 

livered  into  the  reoeiving  hopper  (>,  from 
which  it  II  run  into  the  weighing  machine  H  by  the  attendant,  who 
loo,  the  filling  and   discharging  and  also  records  the  weight. 

Belo  ■  t,\.  w<  ighing  machine  if  adi  livery  hopper  I,  for  receiving  and 
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conducting  the  grain  to  the  delivery  bins  J,  Figs.  1  and  5.     Th< 
bins  have    spouts  at  the    bottom,  passing  out  through  the  external 
walls  of  the  building  to  the  delivery  sheds,  where  the  grain  is  again 
weighed.  Backed,  and  delivered  to  the  carts  and  railway  wagons. 

Sack  Weighing  Machine. — Several  methods  of  weighing  and 
delivering  were  tried,  but  that  which  was  found  to  give  the  best 
results  and  was  eventually  adopted  is  shown  in  Figs.  2  and  3,  Plate  70. 
It  consists  in  the  use  of  a  scale-beam,  loaded  with  weights  at  one  end, 
and  carrying  at  the  other  a  hopper  which  will  hold  one  sackful  or 
260  lbs.  of  grain.  A  shoot  conducts  the  grain  from  the  bin  to  the 
hopper,  which  when  full  is  emptied  into  the  sack  beneath  by  means  of 
a  lever  opening  the  bottom  of  the  hopper.  The  filled  Back  ifl  then 
tied,  and  lowered  by  means  of  a  jigger  into  the  carts  or  railway 
tracks.  The  usual  speed  of  weighing  and  bagging  with  each 
machine  is  160  to  180  sacks  per  hour. 

DeUoery  to  Vessels. — For  delivering  -rain  from  the  granary 
coasting  vessels,  ■   third  band,  not  shown  in  the  drawing,  is  hud  in 
the  subway,  above  the  two  receiving  lands.     This  band  Ifl  16)  inches 
wide,  and  is  divided  into  two  lengths,  the  first  running  from   the 
Bonth-v  rner  of  the  granary  to  the  junction  F.  Pig.  1.  Plate  70, 

and  thence  th<  I  continues  to  K  at  No,  1  branch  dock,  wh< 

there  is  an  elevator  for  lifting  the  grain  sufficiently  high  to  shoot  it 
lay  in  bulk  into  the  hold  of  the  Teasel,  ox  fox  ireighingand 
delivery  in  bags.    The  carrying  power  of  the  delivery  band  Lb  50  I 

boor,  and  the  total  length  L,270  fa  t.  ox  Dearly  i  qoaxtexof  a  mile. 
The  band  can  1  -« -  run  in  both  direction-.,  bo  that  it  may  also  be  used 
fox  oaxxying  grain  t«»  tin-  gram 

M,       .    I'        r. — The  machinery  in  the  gransiry. including  the  tirst 

length  of  subway  bands  from  the  granary  to  the  ooxnei  junction,  is 
driven  by  ■  paix  of  oonHwndensing  Corliss  engines,  with  cylinders 
27  \  inches  diameter  by  l  and  fly-wto  1 1  22  .  B  et  diarm 

having  li 1 1 .  -inch  rop  a     'I 

minute.     I    •    power  ii  sufficient  to  eh 
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per  hour  ;  but  one  cylinder  is  sufficient  for  all  practical  purposes,  so 
that  one-half  of  the  engine  is  always  laid  off  in  reserve.  Steam  is 
supplied  at  70  lbs.  pressure  per  square  inch  by  two  Lancashire 
boilers. 

The  75-ton  elevators  and  bands  at  No.  1  branch  dock  are  driven 
by  a  semi-portable  engine  with  two  cylinders  11  inches  diameter 
by  18  inches  stroke,  having  a  grooved  fly-wheel  8.^  feet  diameter 
for  rope-driving.  The  steam  pressure  is  90  lbs.,  and  the  speed 
120  revolutions  per  minute. 

The  100-ton  elevators  and  bands  at  No.  2  branch  dock,  Figs. 
22  and  23,  Plate  78,  are  driven  by  a  similar  engine,  with  cylinders 
14  inches  diameter  by  24  inches  stroke,  having  a  grooved  fly-wheel 
11  feet  diameter,  which  makes  90  revolutions  per  minute.  The 
steam  pressure  is  80  lbs. 

Elevators  and  Bands. — The  75-ton  dock-side  elevators  have  bands 
18  inches  wide,  and  buckets  spaced  15  inches  apart  from  centre  to 
centre.  The  outside  leg  of  the  elevator  is  40  feet  long,  from  centre 
to  centre  of  sheaves.  The  100-ton  elevators  at  No.  2  branch  dock, 
Figs.  22  and  23,  Plate  78,  have  22-inch  bands,  and  the  buckets  are 
spaced  at  15-inch  centres;  the  outside  leg  is  40  feet  long  from 
centre  to  centre  of  sheaves.  The  150-ton  receiving  elevators  in 
the  granary  have  28^-inch  bands  ;  the  buckets  are  spaced  at  18-inch 
centres,  and  the  legs  are  128  feet  from  centre  to  centre  of  sheaves. 

The  extreme  distance  through  which  the  grain  is  carried,  namely 
from  No.  1    'lock  to  the   granary,  Fig.  1,  Plate  70,  is  1,G80  feet,  or 

:lv  one-third  of  a  mile;  and  the  total  length  of  carrying  and 
(  Levator  bands  is  10,000  feet,  or  over  three  miles.  The  elevator 
bands  run  at  8)  feet  pet  second,  which  is  found  to  give  tho  best 
delivery.    The  carrying  bands  run  at  9  to  10  feet  ]><  ad 

For  hauling  and  shunting  the  railway  wagons  under  the  delivery 
floor-,   tn.  and  turnover  capstans  are  employed,  which  are 

rked  by  hydraulic  power.     This  power  is  also  applied   to  the 

it   was   found   more  convenient  in  its  direct 

application  than  iteam  power  hy  means  of  shafting. 
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Silos. — The  silo  system  of  storage  is  common  in  America  ;  but 
the  bins  are  usually  constructed  of  planks  nailed  one  upon  another. 
That  is  undoubtedly  a  strong  form  of  bin,  but  has  many 
disadvantages.  The  planks  are  subject  to  dry  rot,  and  cannot  be 
renewed  without  great  difficulty.  They  also  harbour  weevils,  if 
not  frequently  washed  with  lime.  Fire  risk  is  greatly  increased, 
the  annual  premium  being  21s.  per  cent.,  as  against  3s.  per  cent, 
for  a  brick  granary  like  that  at  Bootle.  The  importance  of  this 
difference  will  be  appreciated  when  the  value  of  the  stored  produce 
is  taken  into  account. 

Mixing. — It  was  found  that  the  grain  in  falling  into  the  bins  left 
the  chaff  and  light  particles  floating  in  the  air,  with  the  result  that 
the  stored  grain  was  of  unequal  density,  and  in  drawing  oft*  for 
delivery  the  first  served  got  the  cleanest  grain,  whilst  the  last  got 
the  largest  proportion  of  chaff.  This  threatened  to  be  a  serious 
objection  to  the  mode  of  storage,  until  Sprague's  mixer  was  adopted, 
Figs.  10  to  15,  Plates  74  and  75,  which  coi  '"ply  of  a  vertical 

wooden  pipe  or  spout  running  down  one  side  from  top  to  bottom  of 
the  bin,  divided  all  the  way  down  by  a  central  partition,  and  haying 
openings  througb  it-  -ides  at  frequent  interval-  ;  these  openings 
allow  the  grain  to  flow  equally  from  all  heights  into  each  half  of  the 
spout,  and  to  mix  in  its  downward  course  through  the  spoilt. 

The  granary  is  lighted  throughout  by  the  electric  lijiht,  supplied 
by  Messrs,   Holmes  and   Vaudry  of  Liverpool.     The  building  \ 

ngned  by  Mr.  <«.  II.  Grayson,  of   Liverpool;  the  machinery 
designed    and    supplied    by   the  writer's   firm,   M  sir  \\ . 

Armstrong,  Mitchell,  and  (  .  Roberta  and  Robinson 

w»  re  the  oontn  r  the  building. 


9  i. 
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Discussion. 

Mr.  Percy  G.  B.  Westmacott,  Past-President,  regretted  that  the 
author  was  prevented   by  ill   health   from   being   present ;    in   his 

-ence  however  he  should  be  happy  to  answer  any  enquiries  upon 
the  subject  of  the  paper.  The  plans  now  described  seemed  to  him 
like  old  friends  with  a  new  face,  more  especially  with  regard  to  the 
bands.  It  was  about  twenty-two  years  ago  that  the  first  bands  of 
this  kind  had  been  put  to  work  in  Liverpool.  With  regard  to 
their  mechanical  arrangements  there  was  little  to  be  said,  for  the 
original  plan  had  been  like  a  healthy  strong  child,  and  he  thought 
the  main  difference  to  be  noticed  in  the  present  arrangement  was  that 
it  had  grown  in  size.  The  mechanical  arrangements  and  construction 
<  tf  the  bands  were  now  just  the  same  that  they  had  been  twenty- two 
yean  ago.  The  chief  feature  he  considered  in  the  granary  now 
described  was  the  plan  of  storing  the  grain  in  bins,  which  had  been 
in  vogue  in  America  as  much  as  thirty  years  ago  he  believed,  but  it 
had  been  a  long  time  in  coming  to  this  country.  Many  attempts 
had  been   made   to   bring   about   the   erection  of  granaries  of  this 

'•ription;  but  there  had  always  been  difficulties  in  the  way  of  the 
merchants  and  shippers,  until  the  matter  was  taken  up  in  Liverpool 
and  the  present  large  granary  was  put  up  somewhat  on  the  American 
plan.  It  was  evident  that  the  grain,  which  was  here  never  touched 
by  hand  in  any  portion  of  its  progress,  must  be  dealt  with  more 

Qomically  than  where  it  underwent  handling  to  a  greater  or  less 
rit. 

3\r i-.  ("n\j:i.i     ('<,<  ni  am..  Past-President,  said  that,  in  visiting  tli<; 

v  on  the  previous  afternoon,  it  had   struck  him   that  some 

im]  i  'it  might  possibly  Lo  made  by  the  adoption  of  a  circular 

night-iron    casing    for    the    bins,    instead    of   the    hexagonal 

of  brickwork  9  inches  thick.    Although  the  hexagonal  form 

;     •    which  filled     pace  most  perfectly,  if  carried   out   in   its 

tirety,  yet  the  question  arose  as  to  the  material  of  which   the 

!  ictecL     The  hexagonal  silo  of  12  feel 
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width  across  from  side  to  side  contained  an  area  of  125  square  feet ; 
and  a  circle  extending  to  the  middle  of  the  9-inch  walls  of  the 
hexagon  would  contain  an  area  a  trifle  greater,  from  which  however 
the  requisite  allowance  would  have  to  be  made  for  the  thickness 
of  a  circular  wrought-iron  casing.  It  seemed  to  him  that,  while 
economy  of  space  was  highly  important  in  such  a  building,  economy 
of  cost  and  strength  of  wall  had  also  to  be  taken  into  account ;  and 
he  enquired  whether  the  comparative  cost  had  been  considered  of 
the  hexagonal  brickwork  and  of  a  circular  wrought-iron  casing 
which  would  give  nearly  the  same  area  of  bin. 

Mr.  J.  Hartley  Wicksteed,  Member  of  Council,  mentioned  that 
in  the  visit  to  the  grain  warehouse  yesterday  afternoon  an  excellent 
glass  model  had  been  exhibited  of  Sprague's  mixer  (page  377). 
The  grain  put  into  the  glass  case  was  in  layers  of  different  colours, 
so  that  it  could  be  seen  exactly  how  one  layer  of  grain  overtook 
another  and  mixed  with  it  in  its  downward  flow  through  the 
descending  delivery  pipe.  It  was  such  a  beautifully  simple 
arrangement  that  he  thought  it  would  be  of  interest  if  a  section 
of  the  mixer  were  added  to  the  illustrations  of  the  paper,  because  it 
was  quite  new  to  himself  and  others  who  saw  it.  [See  Figs.  10 
to  15,  Plate-  7  1  and  75.]  There  was  a  spout  or  pipe  running  down 
the  side  wall  of  the  bin,  with  openings  in  it-  .-ides  at  dillerent 
levels;  and  if  there  was  ■  quantity  of  light  material  at  the  top 
it] flowed  into  the  spout  at  the  top,  oz  if  not  at  the  top  it  got 
an   entrance  at  the    upper    part   through    0H6  OZ    other  oi*    the    - 

openings,  where  it  was  not  crowded  by  the  heavier  grain.  When 
once  it  had  got  an  entrance  into  the  Bpout,  down  it  went.  The 
model  being  made  with  ■  glass  ease,  he  thought  the  light  of  thai 

one  thing   alone   WOOld    more    than    repay   the   time  ■pent   in   a    vi-it 

to  the  granary.    There  might  alco  be  other  n<es,  he  could  imagine, 

whirh  this  contrivance  oould  be  put. 

Mr.  EUnumx   B.   Ln  mentioned  that  in  Limerick  tl 
lax  inary  oi  own*  I   by  Id       .  Jai  tnatync 

and  Son-,  who   alfO   had  an    e\tcu>i\c    roll  r   mill  with   a    oaptJ  -v   of 

•J  I     ' 
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(Mr.  Samuel  K.  Lee.) 

35  Backs  per  hour.     The  granary  was  built  in  1873,  and  was  fitted 

up  with  elevators,  conveying  bands,  and  storage  bins,  in  addition  to 

sage  lofts.  The  bins  were  square,  built  of  brickwork  and  lined 
with  wood.  The  wheat  was  drawn  off  from  the  bottom  of  the  bins, 
and  elevated  to  the  top  loft,  when  necessary  ;  and  then  distributed  to 
the  different  lofts  below  and  to  the  ground  floor,  as  required,  through 
iron  distributing  pipes  and  branches,  which  were  fitted  with  sliding 
doors,  so  that  the  grain  could  be  taken  from  any  intermediate  loft 
for   delivery  from  the  warehouse.      In  consequence   of  a  fire,  the 

tnary  had  subsequently  to  be  rebuilt;  and  instead  of  carrying 
bands,  extra  sets  of  iron  elevators  had  been  substituted,  which  were 
placed  in  positions  commanding  the  entire  length  of  the  store,  and 
more  efficiently  dealing  with  the  distribution  of  the  grain;  these 
elevators  could  raise  600  to  800  tons  per  day  of  ten  hours.  The 
granary  was  capable  of  storing  5,000  tons  of  wheat.  All  the  grain 
taken  into  and  delivered  from  the  warehouse  was  weighed  by 
automatic  weighing  machinery.  The  engine,  driving  connections, 
and  elevators  had  been  supplied  and  erected  by  his  own  firm. 

Mr.  James  Platt  asked  whether  the  brick  *  silos  in  the  granary  at 
BooUe  were  lined  with  wood  or  plastered,  or  had  anything  but  the 
bare  brickwork  walls;  and  if  not,  whether  there  had  been  any 
trouble  with   the  heating  of  the  grain.     He  had  known  some  silos 

cted  in  which  there  had  been  trouble  from  the  moisture  upon  the 

bricks  and  joints  heating  the  grain,  causing  it  to  stick  to  the  walls  in 

I  mips,  and  injuring  it.     The  American  practice  was  to  build 

Mr.  Bdwabd  15.  Elldigtoh  remembered  that  a  granary  called  tin 
anaryhad  been  put  ap  about  twenty-five  years  ago  on 
th(  the  Thames  at   Botherhithe,  in  which  he  believed  the 

plan  of  storing  the  grain  in  bum  bad  been  adopted;  but,  Ik;  did  not 
know  i  t>  ing  carried  on  at  the  present  time.    It 

would  be  of  interest  be  thought  if  any  information  could  be  given 

upon   ulnVii    tliat    granary  vraa  constructed   and 
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Mr.  Edward  H.  Carbutt,  Past-President,  having  visited  several 
of  the  granaries  in  America,  said  that  the  largest  in  that  country  was 
at  Chicago.  The  choice  between  wood  and  brick  for  the  silos  he 
thought  was  not  entirely  a  question  as  to  whether  damp  got  into  the 
grain  and  swelled  it ;  but  the  foundations  were  bad  all  over  Chicago, 
and  therefore  it  was  necessary  to  build  the  silos  of  wood,  in  order 
that,  if  the  foundations  gave  a  little,  the  bins  could  be  more  easily 
repaired.  There  was  less  difficulty  in  repairing  a  wood  silo  than 
one  of  brick,  and  he  believed  that  was  the  main  reason  why  they 
were  built  of  wood.  He  should  like  to  know  what  was  the  total 
amount  of  capital  invested  in  the  grain  warehouse  and  machinery 
described  in  the  paper  :  and  also  what  was  the  total  cost  of  moving 
a  ton  of  grain  :  that  is,  taking  it  out  of  a  shij^,  weighing  it,  and 
putting  it  into  the  bins ;  and  what  was  the  further  cost  of  delivering 
it  from  the  bins  into  trucks.  That  was  of  course  an  important 
matter.  He  was  glad  that  the  plan  of  storing  in  silos  had  been 
adopted  in  England,  for  the  reason  that  the  grain  wras  thereby  so 
much  better  mixed.  Hitherto,  as  he  understood,  it  had  been  the  < 
in  England  that  in  baying  grain  the  purchaser  always  got  the  end 
grain  that  he  did  buy  ;  whereas  in  America  he  got  only  whatever 
kind  of  grain  might  happen  to  he  in  the  mIo.  and  not  any  other 
particular  kind  which  lie  might  desire.     The  bQo  system  meant  of 

course   a   greater  extent   of  mixing,   and   the  purcliax H  did   not  get 

bo  large  •  variety  of  Bamples  to  from  is  they  would  otherwisi 

hare.       The    main    question     however    was     that    of    relative     oost, 
compared  with  what   had  been  previously  done,  both  ae  led 

capital  outlay  and  u  regarded  the  working  »  ton. 

Mr.  .1  i:i:i:miaii    II  lent,   thought  that,   with   MS] 

to  I  of  timber  or  brickwork  in  buildinga  of  any  kind,  it  should 

not  be  •  n  that  wood  of  all  Borti  was  only  one-third  the  prim 

in  America  of  what  it  \\a->  in  England,  whereas  brickwork  was  dee 

B  than  1 

•  Jams  N,  1  mentioned    that   an 

invention  appeared  t<>  be  developing  at  the  present  time  which 
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thought  might  perhaps  prove  serviceable  for  the  construction  of 
Biloe,  namely  the  manufacture  of  light  cylinders  of  cement.  The 
temporary  lighthouse  now  erected  in  the  grounds  of  the  Naval 
Exhibition  in  London  had  first  stood  in  Liverpool  at  the  time  of  the 
exhibition  in  this  city  in  1886,  having  been  designed  by  Mr.  John  J. 
Webster,  a  Liverpool  engineer.  It  was  a  wrought-iron  structure, 
and  the  framing  was  originally  covered  with  papier  mache.  When 
it  was  about  to  be  re-erected  in  London,  the  question  arose  as  to 
whether  the  same  covering  should  be  adopted  again,  as  it  was  rather 
too  expensive  for  the  temporary  purpose.  It  was  next  suggested 
that  it  might  be  covered  with  lath  and  plaster;  but  this  was  not 
considered  suitable  on  a  good  iron  framing.  The  use  of  expanded 
steel  or  steel  trellis,  invented  by  Mr.  Golding  of  Chicago,  was  then 
proposed,  consisting  merely  of  thin  sheets  of  steel,  slit  up  as  sheets 
of  paper  were  slit  in  making  fly-catchers,  and  then  opened  out  in 
the  form  of  netting.  In  this  form  the  successive  links  or  meshes 
were  at  right  angles  to  the  plane  of  the  fabric,  and  the  whole  web 
was  thus  composed  of  a  succession  of  deep  or  wide  ribs,  beautifully 
adapted  for  keying  and  supporting  thin  cement  work.  The  present 
structure  was  covered  with  this  material,  and;  he  could  say  from  his 
own  experience  that  it  answered  admirably,  and  far  beyond  his 
expectations.  The  plan  was  applicable  for  all  forms  of  cement 
cylinders.  The  network  was  itself  a  good  steel  trellis,  made  by 
machinery  at  a  cheap  rate;  and  being  covered  with  good  Portland 
cement,  it  formed  an  excellent  material  for  covering  such  a 
Structure  SS  the  wrought-iron  framing  of  the  lighthouse.  It 
irred  to  him  that  this  composite  material  would  be  admirably 
applicable  for  the  partition  walls  of  silos.  It  was  largely  used  for 
partitions  and  similar  purposes  in  America  ;  and  for  the  walls  of 
thought  it  would  meet  all  requirements;  the  steel 
made  li  mg,  and  rigid,  while  the  cement  rendered  it 

anperrioi  i  to  i    ri  iture. 

Mr.  \\  is  reply  said  that,  besides  wood  and  brick  silos, 

iron   bins  bad  made  in  America  as  well  as  in   England  to  a 

tain  extent.     The  first  iron   bins  tried  in  this  country  were  thoso 
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at  Eotberliithe  alluded  to  by  Mr.  Ellington  (page  380),  on  what  was 
called  Devaux's  system  of  storing  grain.  They  were  square  iron 
bins  made  of  perforated  sheet  iron,  with  a  wrought-iron  perforated 
tube  running  down  the  centre  of  each.  The  idea  was  that  the  grain, 
being  stored  in  this  perforated  structure,  could  be  acted  upon  by  an 
air-blast,  for  which  an  air-engine  was  supplied  ;  and  that,  by  having  a 
plug  hung  upon  a  cord  and  let  down  inside  the  tube  to  any  point, 
the  air  could  be  diverted  at  that  point  and  blown  out  through  the 
grain  and  through  the  sides  of  the  bin.  Though  an  ingenious  idea, 
it  was  rather  complicated,  and  it  did  not  really  work  out  as  a 
commercial  success.  For  "  conditioning  "  grain  it  was  much  cheaper 
to  run  it  out  at  the  bottom  of  the  bin,  and  give  it  a  constitutional 
run  on  the  bands,  and  up  again  through  the  bucket  elevators,  and 
back  into  the  bins — which  turned  it  over  and  Aired  it,  and  had  the 
further  advantage  of  rubbing  and  polishing  the  grain — rather  than 
to  attempt  to  blow  the  air  through  the  grain  while  it  was  lying  still. 
At  Birkenhead  there  had  formerly  been — lie  did  not  know  whether 
it  was  there  still — a  small  plant  on  Devaux's  system,  which  had 
been  put  into  the  grain  warehoufi  experiment.     Not  only  was 

the  grain  "conditioned"  by  the  air  blast,  but  it  was  blown  from  the 
Bhip'fl  hold  up  to  the  top  of  the  bins,  the  air-pre>sure  being  used  far 
lifting  the  grain.  The  fact  WM  however  that  it  did  not  work  out 
BUCOeSSfully  from  a  commercial  point  of  view. 

As  to  the  i  D  of  silos,  it  was  <|iiite  true  that  moi 

was  gained  (page  878)  by  making  them  of  wrought-irou  instead  od 
brick;  and  many  d  had  been  prepared  with  that  object     But 

when  the  C  idensation  of  moisture  on  the. 

iron  and  it-  consequent  deterioration  by  rust  were  eon 

found  that  brick  v  ftps  the  best  material  to  use  in  this  country. 

any  rati    when  foundations   wi  l.      Before  this  was 

decided  upon  for  the  ranary,  an   experiment  tried    in 

order  to  ascertain  what  tl  t!n  would  h 

thai   height     'I  riment  was  tried  in  the  warehouses 

alreadj  i  dating  in  Liyerpool,  s  ith  ■  u len  bin  and  with  the  dm 

sding  the  pressure  of  the  grain  both  at  the  bottom  and 

the  mil    that  within    a   short    height    the  tiici 
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produced  by  the  grain  against  the  sides  eased  the  pressures  to  such 
an  extent  that  there  really  was  not  any  great  side  pressure  at  any 
pari  of  the  bin. 

Allusion  had  also  been  made  to  mixing  the  grain  (page  381), 

which  was  an  important  point.     There  had  been  a  disinclination  on 

the  part  of  the  merchant  to  put  his  grain  into  a  warehouse  where  it 

might  be  mixed  with  somebody  else's ;  and  there  was  a  difficulty  in 

ting  one  batch  of  corn,  and  separating  it  from  another.     Probably 

one  merchant  would  have  only  a  small  quantity  to  store,  and  another 

a  large  quantity.     But  as  soon  as  the  American  system  had  been 

Adopted  of  parcelling  or  grading  all  the  grain  into  certain  qualities 

— numbering    them    one,  two,  three,  four,  and   so   on,  and  mixing 

gather   the  whole  of  each   quality,   and   selling  from  Nos.   1,   2, 

-.  1,  &c. — the  matter  had  been  facilitated  so  much  that  it  had  become 

possible  to  adopt  this  system  of  storing  grain  in  this  country. 

The  President  proposed  a  vote  of  thanks  to  Mr.  Shapton  for  his 
paper,  which  was  passed;  and  also  to  Mr.  Westmacott  for  his 
kindness  in  attending  to  represent  the  author,  and  to  reply  to  the 
questions  asked  in  the  discussion. 


Mr.  Shapton  wrote  that  he  desired  to  thank  Mr.  Westmacott  for 
kindly  replying  so  fully  on  Lis  behalf  to  the  various  questions  asked. 
The   nlof  were   not   lined  with  wood  nor  cemented  (page  380),  there 
ing  nothing  but  the  bare  brickwork  of  the  walls.     Some  trouble 
rienoed  at  first  from  grain  sticking  to  the  sides;  but 
tJ,i  is  t"  the  granary  being  used  before  the  brickwork  had  had 

time  t<>  dry.     After  a  few  months  this  difficulty  disappeared,  and  no 
trouble  was  now  experienced  from  this  cause. 

Thi  ion  us  to  the   relative  cost  of  brick   and    iron   silos 

(pi  I  be  irai    not.  able  to  answer;  but  the  cost  of  the  Bootle 

tding    tlie    subways    to    the    .lock    and     the    dock-side 

ad  all  machinery,  wm  about  half  that  of  an  ordinary  floor 
inarter  of  parity.      Roughly   speaking  the 


July  1891.  GRAIN   WAREHOUSING    MACHINERY.  385 

total  cost  of  the  Bootle  granary,  including  machinery,  land,  subways 
to  dock,  barges,  and  machinery  and  Imildings  on  dock  side, 
was  £150,000. 

As  an  indication  of  the  cost  of  working  the  grain  (page  381),  he 
was  informed  that  the  charge  to  merchants  for  taking  grain  out  of  a 
ship,  weighing  it,  putting  it  into  the  granary,  and  delivering  it  from 
the  bins  to  trucks  or  carts,  was  two  >hillings  per  ton,  out  of  which 
about  lhd.  per  ton  was  paid  for  master  j>orterage,  and  ten  days'  free 
rent  was  allowed,  equal  to  2.VZ.  per  ton :  so  that  the  net  charge 
for  receiving  and  delivering  was  Is.  8J.  per  ton.  Another  source  of 
revenue  was  rent  on  the  storage  of  the  grain  after  ten  days'  free  rent. 
Since  the  commencement  of  the  business  it  had  been  paying  i 
dividend  of  5  per  cent..  ftddh  -initially  to  the  n  EM  rve 

and  depreciation  funds. 
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ON  THE  EXPEEIMENTAL  MAEINE  ENGINE 

AXD  THE  ALTERNATIVE-CENTRE  TESTING  MACHINE 

IX  THE  WALKER  ENGINEERING  LABORATORIES 

OF  UNIVERSITY  COLLEGE,  LIVERPOOL. 


By  Professor  H.  S.  HELE-SHAW,  of  Liverpool. 


When  the  funds  for  building  and  equipping  the  Engineering 
Laboratories  of  University  College,  Liverpool,  were  provided  by 
Sir  Andrew  Walker,  Bart.,  it  was  decided  by  the  engineering  committee 
that  one  feature  of  the  equipment  should  be  an  Experimental  Steam 
Engine,  which  in  Liverpool  would  naturally  be  of  the  marine  type. 
It  was  also  determined  that  the  engine  should  be  of  such  a  size  as 
would  place  it  beyond  the  category  of  a  mere  model ;  and  that  it 
should  conform  to  the  best  existing  practice,  so  as  to  render  it  of  real 
service  to  advanced  as  well  as  elementary  engineering  students. 

The  primary  consideration  in  respect  to  such  an  engine  must  be 

educational  value.  Thus  elementary  students  need  to  become 
:i« quainted  with  the  actual   construction   and   working  of  a  steam 

in*,  with  its  valves  and  the  different  kinds  of  valve-motions ; 
they  should  learn  how  to  take  and  read  indicator  diagrams,  to  make 
the  osnal  calculations  in  connection  therewith,  and  to  carry  out 
dynamometer  tests  and  oilier  simple  measurements.  The  more 
require  to  study  the  action  of  steam  under  different 
eonditi  aiying  grades  of  expansion,  different  arrangement 

ad  varying  clearances,  Bteam  jacketing,  and  varying 

amount-  and  temperature  Of  Circulating  water;  and  to  measure  and 

note  the  tenij  1  the  condensation  in  various  parts  of  the 

Beyond  ti,.:  primary  aim  then;  is  the  scarcely  less  important 
obj<  oh  in  connection  with  various  question! 

which  U  matters  of  controversy.    Thus  for  instance,  owing 
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to  the  rapid  development  of  high  pressures,  the  engines  of  many 
comparatively  new  steamers  are  practically  obsolete,  and  the  fa 
modes  of  effecting  desired  changes  cannot  be  stated  with  certainty 
without  elaborate  and  careful  experiments  under  conditions  difficult 
to  attain  in  actual  practice.  The  invaluable  experiments  on  Marine- 
Engine  Trials,  conducted  by  the  Research  Committee  of  thi> 
Institution,  would  seem  to  enable  it  to  be  now  stated  exactly  in 
what  way  work  upon  such  an  experimental  engine  may  supplement 
trials  of  sea-going  \ 

General  Conditions. — The  general  conditions  for  such  an  engine 
may  therefore  be  briefly  stated  thus.  The  Bteam-pressure  must  be  at 
least  as  high  as  the  highest  in  actual  use.  There  must  be  means  for 
conversion  into  triple,  ordinary  compound,  compound  with  la 
ratio  of  expansion,  and  single  engine  ;  together  with  means  of  varying 
the  angles  of  the  several  cranks  relatively  to  one  another;  examples 
of  the  chief  types  of  valves  and  valve-gear ;  arrangements 
indicating,   and    taking   measureine:  temperature,  quantity   of 

steam  and  water  used,  quantity  condensed  in  the  jackets  and  cash 
and  actual  power  developed :  all  of  which  must  be  provided  for  in 

the  most  complete  manner.      The  d«  tails  of  the  design  were  originally 

entrusted  to  Mr.  May,  formerly  chief  draughtsman  to  the  firm  of 

Mi  nrs.  Janu  a  Jack  and  Co..  who  pi  the  drawings  apon  which 

ten  .  that  <»f  M(  and  Co.  being  finally 

1.     Mr.  Thomas  L.  Miller,  at  that  til 

f  of  the  college,  was  deputed  to  watch  the  pro  fthe  work. 

< .  .id  boiler  arc  di  signed 

to  Board  of  Trade  requu  I 

typi  IIP.  at   L50  r  minute  with  ■  boiler 

2    ►  lbs.  per  square  inch.     Thi  o  onection  of  the  cylindi 

i  L)  ordinary  triple-* -\paii-ion,  the  itoam  passing  from  high-pTCSBIire 

rmediate  and  thence  to  Low-pressure  cylindi  r,  and  from 

laf  pound  with  hi^'h  |  MiaJOP, 

ua  passing  from  hi  Low-pressure  cylinder,  and  th<  ■ 

-team  passing  from  boih 
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intermediate  cylinder,  and  thence  to  low-pressure  cylinder  and 
condenser ;  (4)  single  engine,  using  the  high-pressure  cylinder  and 
condenser;  (5)  single  engine,  using  the  intermediate  cylinder  and 
condenser;  (6)  single  engine,  using  the  low-pressure  cylinder  and 
condenser.  In  each  of  these  cases  also  the  condenser  can  be  dispensed 
with,  and  the  engine  worked  non-condensing.  The  relative  position 
of  the  cranks  for  all  three  cylinders  is  capable  of  alteration  to 
different  angles,  so  that  an  equivalent  of  tandem  as  well  as  the 
ordinary  type  can  be  obtained.  Each  cylinder  is  completely  steam- 
jacketed,  including  the  top  covers  and  the  cylinder  bottoms. 

In  Figs.  1  and  2,  Plate  79,  is  shown  in  plan  and  elevation  the 

oeral  arrangement  of  boiler,  engine,  and  measuring  tanks.     The 

oeral    arrangement  of  the   engine   itself  is   given   in   front   and 

end  elevation   in   Figs.   3  and  4,   Plate   80,  which   also   show  the 

positions  of  the  three  valve-gears.     The   high-pressure  cylinder  is 

fitted  with  Stephenson's  valve-gear,  the  intermediate  with  Joy's  gear, 

and  the  low-pressure  with  Hackworth's  gear.     Each  of  these  valve- 

ira    lias   a    graduated    plate,    showing   the    points    of   cut-off    for 

different    grades  of   expansion,   and   visible   in   conjunction   with  a 

lull-size  section  of  the  corresponding  slide-valve  working  outside  the 

cylinder,  Pig.  1.      The  surface  condenser  C  and  air  pump  A  are  of 

the  nana]  form  ;  the  latter  is  driven  by  levers  from  the  intermediate 

ahead,  with  bilge  and  feed  pumps  on  either  side. 

Tin;  power  developed  is  measured  by  a  brake  wheel  W,  which  also 

a  fly-wheel,  and  is  capable  of  running  continuously  without 

unduly  heating.     Measuring  tanks  are  provided  for  condensation  and 

dilating  water  ;  and    also  six  graduated  tanks  for  measuring  the 

am  condensed  both  in  cylinders  and  jackets. 

The  boiler  B,  Plate  79,  is  of  marine  type,  with  single  Fox's 
corrugated  fine  and  outside  combustion  chamber,  Figs.  18  and  14, 

I']:: 

In    Figs,   5  and    6,    Plates  81   and  82,  are  sliown 
I  and  fen  of  the  cylinders.    The  liners  for  the 

Of   hard    Cast-iron,  and   are  made  as  thin  as  possible 

tently  with  proper  k  so  that  the  conduction  may  be  as 


July  1801.  experimkntai.  makim:  Drcmrs.  389 

efficient  as  possible.  They  were  drawn  in,  and  tested  under  hydraulic 
pressure  both  inside  and  outside,  so  as  to  ensure  perfect  jointing. 
The  valve  liners  are  made  of  phosphor  bronze  for  the  piston  valves 
of  the  high-pressure  and  intermediate  cylinders,  being  drawn  in  and 
bored  out  in  place.  The  steam  is  admitted  to  the  middle  of  both 
these  valves,  and  exhausted  at  the  ends.  The  low-pressure  valve  is 
a  double-ported  cast-iron  slide-valve  of  ordinary  type,  placed 
obliquely  so  as  to  economise  space  in  its  valve-gear. 

Cyliit't  rs. — The  go  the  top  of  the  cylinders  are  box 

castings,  Fig.  5,  in  order  to  make  them  steam-jackets  ;  and  they  are 
also  well  lagged  outside.  The  jacket  steam  is  first  led  to  these  covers, 
and  afterwards  to  the  cylinder  jack  be  and  bottoms.  Cocks  are 
provided  for  shutting  off  the  jacket  steam  if  desired,  and  also  for 
draining  the  water  into  suitable  measuring  tank<. 

Pistons. — The  high-pressure,  and  intermediate  pistons  are  of  the 

Bamsbottom  type.  5  and  »>.  Plates  81  and  v_\  \\i:li  >;«  - 1  rings  of 

7-lGths  x  9-16tha  inch  section,  three  in  number.  The  low-pressure 
piston   has  also  rings  of  the  same  kind,  bat  they  are  carried  in  a 

arate  cast-iron  ring.      Each   piston   i>  fitted  top  and  bottom  with  a 

clearance  disc,  which  can  be  remored  and  if  desired  b  I  by 

disci  of   different  thickm  uabling  experii  mads 

upon  the  effect  of  varying  eleaia: 

Pi  I      B  da     1  d  rods  arc  of  mild  steeL     The  di 

of  all  are  the  same,  namel  j  2    Inches. 

(    *nt  ding  B    I       '1  ;  e  conned  I  the 

ordinal  j"  •    The  gudgeon  pin  has  double  th<  t&on 

piston  rod.     As  in  oommon  practice,  the  smallest  dial 
connecting  rod  is  made  equal   to  that  of  the  pi-ton  rod.     The  two 
bolts  lor  the  crank-pin  brasses  ai  than 

the   piston    rod,  and   sre   the   same  dianu  I  the   bolts   in   the 

ad,  that  is  1  [  inch  di  I  .ken  to  i  osure 

t   Lubrication  by  carryinj  nearlj   acroas  tin 

to  distribute  the  <»il  open  the  crank  pin. 
/.  I         slipp  r    block 

id,  and  is  of  mild  Bteel  a  itli  bronj  i  1. 
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Crank  Shaft. — The  crank  shaft  is  made  of  wrought-iron,  and  in 
three  sections,  as  it  is  necessary  to  allow  for  change  of  relative  position 
of  each  of  the  three  cranks.  It  was  considered  sufficient  to  ensure  a 
possibility  of  twelve  different  positions  of  each  flange  relatively  to  the 
other  flange  of  each  coupling,  or  twelve  changes  of  angle  through  30° 
each.  This  is  effected  by  having  twelve  bolt-holes  in  each  flange  of 
the  middle  section  of  the  shaft,  and  four  bolt-holes  in  the 
corresponding  flanges  of  the  two  outside  sections.  Simple  as  the 
task  of  obtaining  this  result  may  appear,  it  turned  out  in  practice 

roublesome  and  expensive  proceeding,  from  the  absolute  necessity 
of  a  perfect  fit  of  the  four  coupling  bolts  in  every  position,  in  order 

prevent  the  possibility  of  the  whole  shearing  force  coming  upon 
:e  bolt.     The  diameter  of  the  shaft  is  5  inches. 

Bedplate. — The   bedplate   is   cast   in   one  piece,  and  is  of  box 

tion,  carrying  upon  it  the  condenser  and  the  piston-rod  guides. 
The  bearings  are  of  hard  phosphor-bronze,  with  mild-steel  caps. 

Condenser. — The  condenser  contains  152  brass  tubes  of  J  inch 

ternal  diameter  and  7  feet  length,  pitched  at   lj  inch  centre  to 

litre,  that  is  £  inch  more  than  their  diameter.     Their  total  cooling 

surface  is   209    square  feet.     They  are  packed  with  screwed  glands 

and  tape  packing.     A  steam  baffle-plate  is  cast  for  each  of  the  three 

lausts,  in  order  that  the  steam  surrounding  the  tubes  may  be  fairly 

read  OYer  the  cooling  surface.     The  bottom  of  the  condenser  is  well 

1  to  fche  air-pump  bottom,  in  order  to  increase  the  efficiency  of 

the  air  pump  by  making  the  condensed  water  flood  the  pump,  so  as  to 

ep  the  loot -valve  always  covered.     The  pipes  for   the  circulating 

W%\  made  of  ample  size,  and   there  is  a  graduated  regulating 

fal  ij     t  fche   quantity  of  water.     Thermometers  are  fitted  on 

both  the  inlet  and  the  outlet  pipe  with  mercurial  contact,  the  mercury 

ed    in    pocketfl  let  into  the  pipe   in  such   a  way  as  to  moot 

"    'low    of    tl  <        ater;    and    it   is    found    that   any  change  in 

CfUndef*   '-    promptly   recorded.     In   the  general  plan,  Tig.   1, 
i  ;iIJ(|  and  0  are  the  circulating-water  pipes;  and  the  positions 

an      vertically    one     ahove    the     other.      The 
'-  ntly  with  '.-~  ttw  water  from    the   town   mains  through  a  large 
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Duncansoii  water-meter.  The  outlet  pipe  0  conveys  the  circulating 
water  from  the  condenser  to  the  measuring  tank  M,  the  quantity  used 
being  checked  by  also  measuring  the  discharge  over  a  rectangular 
notch.  The  tank  is  designed  with  baffle-plates  so  as  to  still  the 
water,  much  on  the  principle  adopted  by  Mr.  Bryan  Donkin,  Jim.,  in 
his  experiments.  The  flow  of  circulating  water  is  arranged  so  that 
the  hottest  water  meets  the  hottest  steam  ;  and  though  this  plan, 
which  is  undoubtedly  correct  in  theory,  is  not  entirely  approved  by 
some  engineers  on  account  of  the  unnecessary  cooling  of  the  ft  i  1 
water,  it  must  be  remembered  that  it  is  upon  the  extent  of  this 
cooling  that  the  efficiency  of  the  vacuum  depends. 

Air  Pump. — The  air  pump  is  of  phosphor  bronze,  its  capacity 
being  one-fifth  that  of  the  low-pressure  cylinder.  This  is  no 
doubt  excessive  for  the  engine,  as  usually  worked  ;  but  not 
when  experiments  are  being  made  with  jet  condensation. 
Kinghorn's    multiplex    valves    are     used     in     the     pump,    and    the 

unm  ifl  maintained  in  a  highly  satisfactory  manner.  On  the 
air-pump  cover  is  cast  a  guide,  in  which  the  crosshead  of  the 
pump  rod  works,  thus  ensuring  I  Bteadytmotion.  In  order  to  .htain 
indicator  diagrams  from  the  air  pump,  bOflBSfl  aie  casi  OD  the  barrel 
of  the  pump,  and  the  various  other  fittings  are  arram. 

There  arc  two  measuring  tanks,  shown  at  1'  in  Pigs.  1  and  2, 
Plati    7  ■    into  one  or  other  of  which   the   hot-well  discharge  is 

delivered  l>y  means  of  a  three-way  0Ook.JftTh68C    tanks    an-  of  known 

capacity  np  to  the  point  of  ovi  rflow,  which  is  visible  to  an  observer 
during  experiment  .     Directly  I  e  coming  from  the  hoi  well 

4  the  overflow  in  one  tank,  the  thn 
turned  so  thai  the  hot-well  cGscn  i  1  into  the  other  tank, 

mmc  time  the  cent  the  rail  tank  are  discharged  through 

a  drain  OOOk    into  tin  -k    I)    In-low.       A  tlicriii..iiit  :»-r    il 

providi  I         aabliug  the  temperature  of  t  t-well  discha 

be  ol 

Feed  P  1  •  ed  pas  duplicates ;  and  the  m« 

I  throughout  is  j.lo »-jdi.»r-l.i raw ■.  The  plunger  il  madi  i  i  :  in 
body  of  tin-  pump,  which  seem-  I  mnoh  betto  r  arrangemenl  I 
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pumping  against  high  pressures  than  leaving  a  large  clearance,  since 
the  presence  of  air  which  leads  to  inefficient  action  is  hereby  avoided. 
The  stroke  is  the  same  as  that  of  the  air  pump,  namely  8  inches, 
a n.l  the  diameter  2  inches.  Provision  is  also  made  for  taking 
indicator  diagrams. 

Feed  Chech-Valves, — These  are  2 J-  inches  diameter,  so  that  only  a 
small  lift  is  required.  The  method  of  guiding  the  valves  into  their 
-cats  ensures  fair  wear  and  tear.  They  are  in  deep-seated  pockets,  so 
that  they  are  always  flooded  ;  and  the  consequent  hydrostatic  pressure 
ensures  uniform  loading  on  the  valve. 

Belief  Valve. — This  is  provided  in  case  the  feed  check-valve  on 
the  boiler  should  become  accidently  closed.  It  is  arranged  to  open 
when  a  pressure  is  reached  50  per  cent,  above  that  to  which  the 
safety  valves  are  loaded. 

Dynamometer  Brake. — As  shown  in  Figs.  7  to  9,  Plate  83,  the 
dynamometer  brake  consists  of  a  band  of  cotton  belting  10  inches 
wide,  encircling  the  fly-wheel,  which  is  9  feet  diameter.  To  the 
inner  side  of  the  band  are  attached  with  screws  about  150  blocks 
of  wood,  10  inches  long,  17S  inch  wide,  and  at  a  distance  of  -\  inch 
apart.  Weights  to  the  amount  of  1,500  lbs.  hang  upon  a  rod  in  the 
fly-wheel  pit ;  and  by  a  novel  arrangement  the  total  weight  can  be 
adjusted  to  any  required  amount  without  the  trouble  and  inconvenience 
of  changing  these  heavy  weights.  This  is  effected  by  means  of  a 
rew  attached  to  a  spring  balance,  Figs.  8  and  9,  which  is  in 
turn  attached  by  mums  of  two  flat-link  chains  to  the  crosshcad 
whereby   the   weights  are  fixed   to  the  brake   band.    The   spring 

balance   i-   accurately  adjusted,  and  reads  by  2  lbs.   up  to    1,600  lbs. 

Senoe  by  turning  the  handwheel  Jl  tin;  whole  or  any  part  of  the 
lit   can    be    taken    on    tlio   balance;;    and    the  difference 
en  the  reading  of  tin,-  balance  and  the   L,500  Lbs.  dead  weight 
on  tli*    i  can    I/*    accurately  determined.     The  other  end  <>i 

til*  brake  band  i    attached  t<>  a  cord,  which  passes  to  a  counterpoise   I' 
'•vi  i   i    Lo-inch  pullej   I  irhose  axle  works  on  centres;  by 

tbj  ht  of  the   Lower  portion  <>f  the  brake  band   i 

n.l:.  red   by  n  constant  known  weight  ;  ami  the  counterpoise  P  to  1" 
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subtracted  in  estimating  tlie  net  effective  weight  is  thus  accurately 
determined. 

In  order  to  keep  the  brake  cool,  the  fly-wheel  rim  is  made  hollow, 
Fig.  7,  and  cold  water  is  caused  to  circulate  continuously  through  it  by 
means  of  the  contrivance  shown  in  Figs.  10  and  11,  Plate  8-4.  The 
cold  water  entering  through  the  pipe  A  passes  into  the  hollow  rim 
through  the  pipe  B,  returning  when  heated  to  the  centre  of  the 
wheel  by  the  pipe  C,  and  passing  away  from  the  wheel  by  the  pipe  D 
to  the  waste.  The  pipes  B  and  C  turn  with  the  wheel,  while  A  and  D 
are  fixed  stand-pipes.  The  quantity  of  water  supplied  is  measured  by 
a  Schonheyder  meter,  and  the  temperatures  of  inflow  and  outflow 
may  also  be  determined.  The  actual  position  and  method  of  the 
arrangement  for  working  are  seen  on  a  smaller  scale  in  Figs.  7  and  8, 
Plate  83. 

Boiler. — In  Figs.  13  and  11,  Plate  85,  ifl  shown  the  boiler,  which  is 

-teel  and  of  marine  type,  7  ft.  •'!  ins.  diameter  and  8  ft.  long  over 

all,  with  a  single  Pox  OOlTagated  line  of  steel,  2  ft.  10  ins.  diameter, 

carried  through  to  an  outside  oombiistion-chamber  built  of  brick. 

The  grate  is  2  ft,  8 h  ins.  wide  by  1  ft.  6  in-,  lo  1  -J.  Bguare  I 

a.     The  tubes,  3-1  in  numl  of  wrought-iron,  1  inches  outside 

diameter,  and   give  a  total  Burfii  2       Bquare  feet;   they  were 

ted  both  internally  and  externally.     '1  U  is  made  of  a  sii. 

plate,  great  care  being  taken  in  annealing  to  pn  \<  at  interna]  -• 

The  proportion  of  the  riveted  jointe  is  shown  in  Kg.  12.  Plal 
kand-pi]  i  i  ••  b  1  to  the  boiler  i'<»r  the  various  mo until. 

oan  hi  ing  taken  to  |  than  one  opening  in 

the  shell  from  coming  on  any  one  Longitudinal  1' 

adjustment   by   raryii         eights   from    the   lowest   t«»  tlie   highi 

pn  An  ii  and  the   two 

i  ii  bracki  t  on  the  wall  1>«  ride  the  boiler. 
i   blow-off  from  the  1m  .ill  M  :.  1, 

Pli  ;i-l    tin  The    tank    i-   ai  1 

1..  .  rail  of  water  up  to  within  I  >pj  and  l.as  a 

allex  orerflow  than  would  ol  led,  owing  to  the 
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regulations  of  the  Corporation  framed  with  a  view   to   preventing 
am  from  being  blown  into  drains,  and  workmen  therein  possibly 
being  scalded. 

Circulating  Arrangement. — The  boiler  has  recently  been  fitted 
with  a  new  circulating  device,  invented  by  Mr.  J.  M.  McCulloch  of 
( iarston  near  Liverpool,  which  is  shown  in  Figs.  15  and  16,  Plate  86. 
It  consists  in  placing  a  cock  K  on  the  front  end  of  the  boiler, 
below  the  level  of  the  furnace,  with  an  internal  pipe  extending 
backwards  from  the  cock  and  going  down  to  the  bottom  of  the 
boiler  beneath  the  flue.  From  the  same  cock  an  external 
pipe  P  passes  back  along  the  front  portion  of  the  furnace,  and 
is  continued  above  the  fire-bars  and  round  the  bridge,  and  returns 
to  the  front  on  the  opposite  side  of  the  furnace,  delivering  the 
heated  water  into  the  'boiler  again  at  the  bottom. 


Alternative- Centre  Testing  Machine. — In  1882  a  description  was 
given  to  this  Institution  by  Mr.  J.  Hartley  Wicksteed  of  his  single- 
lever  testing  machine  ;  and  in  connection  with  the  same  machine  he 
further  described  in  1886  an  autographic  test  recorder  (Proceedings 
1882  page  384  and  1886  page  27).  Since  that  timo  various 
improvements  have  been  made  in  the  machine  ;  and  in  Figs.  20  and  21, 
Plate  88,  is  shown  a  form  differing  in  several  imj)ortant  respects  from 
any  previous  examples,  which  has  been  constructed  by  Messrs. 
Buckton  and  Co.,  of  Leeds,  for  the  Walkor  Engineering  Laboratories. 
Thii  machine  lias  a  wrougjht-iron  lever  22  feet  long,  carrying  a  two- 
freight  or  travelling  poise.  The  fulcrum  of  the  lever  is 
mounted  upon  a  east-iron  frame,  which  is  supported  by  four  columns 
7  feet  1  inch  B    high,  instead  of  upon  a  single  east-iron  standard  as 

earlier  mar-limes.    The  four  columns  thus  serve 
guides  for  the  shackle  holder  and  for  the  corresponding  portioi  s 

i  to  the  hydraulic  ram. 
The  chief  feature  of  the  maohine,and  one  thai  is  entirely  novel,  is 

Mr.   Wioksteed'f   arrangement   of  alternative   centres,   whereby   the 
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machine  may  cither  be  used  for  a  maximum  load  of  100  tons,  or  may 
be  made  four  times  as  sensitive  with  a  consequent  diminution  of 
its  maximum  effect.  In  Figs.  23  and  24,  Plate  89,  the  details  of 
this  contrivance  are  shown  in  transverse  and  longitudinal  sections. 
The  centre  A  acts  as  the  fulcrum  for  the  machine  when  testing  up 
to  100  tons,  the  knife-edge  of  this  centre  being  exactly  4  inches 
from  the  knife-edge  C  which  carries  the  test  piece.  It  is  readily 
seen  that  the  jockey  weight  of  2  tons  must  travel  2  inches  from 
its  position  when  the  beam  is  balanced,  in  order  to  exert  a  force 
of  one  ton  upon  the  specimen.  Thus  the  scale  for  the  100-ton 
machine  is  2  inches  per  ton  ;  and  l-100th  of  a  ton  may  be  read  by 
means  of  the  vernier. 

In  Fig.  20  it  will  be  noticed  that  there  is  a  distance  collar  D 
under  the  upper  spring  on  the  pillar  P,  which  controls  the  extent  of 
movement  of  the  lever.  By  removing  the  collar  and  spring,  taking 
care  of  course  to  replace  the  nut  and  washer,  and  running  the  jockey 
weight  back,  the  lever  may  be  tipped  up  sufficiently  high  to  allow  the 
bearing  carried  on  the  shaft  S,  Figs.  23  and  24,  to  be  brought  under  the 
alternative  centre  B.  This  is  done  by  turning  a  hand  wheel,  which 
actuates  a  worm  working  in  teeth  upon  the  shaft  S.  The  Litter  is 
th<n  locked  in  position  by  screwing  up  the  handle  L,  which  acts  as  a 
lock  nut.  If  the  weight  is  now  run  forward  sufficiently  far.  the  beam 
takes  its  bearing  upon  the  k:  e  B,  and  the  other  knife-edge  A 

is  lifted  up  out  of  contact  with  '  ring.     The  washer  D  is  now 

n  placed  on  the  pillar  I'.  and  the  lever  can  work  only  apon  the  centre 
B  as  a  fulcrum.  The  distance  between  the  knife-edges  B  and  C  is 
exactly  10  inch  key  weigh!  moat  now  move  8  inches 

from  its  position  when  the  beam  is  in  equilibrium  <»n  the  knife-edge 
B,  in  order  to  exert  i  tea  ton  apon  the  specimen.    Thus 

the  scale  is  now  8  inches  pex  ton,  thai  is.  the  machine  Lb  four  times 

SS  sensitive  SS  before  ;  but  the  vernier  is  arraiej-  1  fco  read  to  l-l,<>0<>th 
Of  a  ton. 

Tin  fee  scales  Cox  reading  in  the  two  different 

a ;  for  it  is  obvious  that,  without  ■  long  vernier  arm  on  the 

moving  weight,  to  different  part-  of  which  the  two  verniers  can  be 

attached,  the  two  zero  points  "1'  the  \:11  not  Ooineide,  I 

-2    -i    1> 
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the  weight  of  the  lever  3  tons,  which  forms  an  important  and  useful 
factor  in  the  balancing  of  the  moving  weight  of  2  tons,  has  its  centre 
of  gravity  at  different  distances  from  the  alternative  centres.  For 
this  reason  the  machine  as  here  arranged  will  not  read  to  25  tons 
in  the  more  sensitive  position,  but  only  to  about  20  tons :  although 
it  is  easy  to  see  that  it  could  readily  be  made  to  do  so,  and  for 
testing  specimens  of  1  inch  diameter  this  would  perhaps  be  more 
convenient. 

In  passing  this  machine  for  marine  purposes,  the  Board  of  Trade 
tested  it  carefully,  and  insisted  upon  the  jockey  weight  being 
dismounted  and  accurately  weighed,  when  it  proved  to  be  absolutely 
correct,  and  weighed  2  tons  to  within  a  fraction  of  an  ounce.  The 
machine  was  found  to  turn  with  less  than  a  2-oz.  weight  placed  upon 
the  shackle  when  on  the  100-ton  centre :  that  is  to  say,  about 
1-2, 000,000th  of  its  maximum  weight  can  be  recorded,  or  a  range  of 
nearly  2,000,000  can  be  dealt  with.  When  the  20-ton  centre  is  used, 
the  difference  between  the  tensile  strength  of  No.  12  and  No.  16 
cotton  can  be  ascertained,  the  former  being  rather  less  than  3f-  lbs., 
and  the  latter  rather  more  than  31  lbs.  For  laboratory  purposes  the 
importance  cannot  be  over-estimated  of  having  so  sensitive  a 
machine,  and  at  the  same  time  one  that  can  always  be  verified  in 
a  few  minutes  by  putting  a  standard  \  cwt.  on  the  shackles  and 
hanging  a  4  lb.  weight  at  56  inches  from  the  fulcrum,  when  the 
100- ton  centre  is  in  use. 

In  addition  to  the  ordinary  wedge-holders  in  the  shackles,  the 
machine  is  provided  with  a  set  of  swivel  shackles  hanging  from 
gpheri  i  hold  dies  for  screwed  specimens  and  also  split  dies 

fop  cheese-head    1  specimens.    The  shearing  shackles  lie  <>f  somowhat 

cud  Cram,  and  arc  made  of  cast-steel,  fitted  with  hardened  steel 
dial  Era  -\  i  of  l.V  and  2  inches  diameter.     The  specimens  are 

nicked  down  to  1 1  and  1  j  inch  diameter  respectively,  and  are  sheared 

in  the  manner  indicated  in   Fi;j;.  22,  Plate  N8. 

Autographic   I  Strain  Recorder.     The  machine  is  fitted  with 

I    by  -Mr.  Wick-teed,   and    shown    in    FigS.   2~> 
an  late  00,  for  obtaining  automatically  force-strain  diagrams. 
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To  the  test-piece  T,  Fig.  26,  held  in  the  shackles  SS,  are  attached 
two  clij)S  CC.  Hardened  steel  centres  on  these  clips  are  pressed,  by 
means  of  nuts  acting  through  springs,  again Bt  the  sjtccimen  T  at 
points  which  are  at  an  accurately  measured  distance  from  each  other, 
usually  either  6  or  8  or  10  inches.  In  the  lower  clip  the  end  of  a 
copper  wire  W  is  held  by  means  of  the  friction  produced  by  a  small 
weighted  lever  L.  The  wire  passes  over  a  pulley  carried  by  the 
upj)er  clip  and  centred  at  one  end  of  a  wooden  rod  R  ;  at  the  other 
end  of  the  rod  it  passes  over  two  more  pulleys,  and  thence  round 
the  recording  barrel  B.  By  this  means  the  barrel  with  the  paper 
placed  upon  it  is  rotated  through  the  distance  through  which  the 
lower  clip  becomes  further  separated  from  the  upper  one,  that  is 
through  the  distance  through  which  the  specimen  elongates  between 
the  two  points  of  measurement.  By  means  of  suitable  gearing  the 
spindle  N,  to  which  the  handle  H  is  attached,  is  made  to  turn  with 
the  movement  of  the  jockey  weight  along  the  beam  :  and  by  means  of 
a  worm  and  worm  wheel  it  actuates  the  BCXOW  E2  working  in  a  nut  in 
the  body  of  the  slider  D,  which  carries  the  metallic  pencil  P.  Hence 
the  travel  of  the  slider  corresponds  with  the  travel  of  the  jockey 
weight  along  the  beam,  and   the   pencil    tracer  OH    the    paper  a  line 

which  i  .<ure  of  the  load  on  the  test  piece.  The  combined 

effect  of  the  two  motion-      namely  the  rotation   of  the  barrel  on   it< 
■OS,  and  the    longitudinal  travel   of  the   pencil  parallel   t<>  the  axis — 

v  -nits  in  the  production  of  the  characteristic  diagram  of  force  and 

IUL      The  pencil   being  on  the  top  surface  of  tin-  barrel,  and   held 

vertically,  it-   weight  alone   is  sufficient  to  give   the   necessary   mark 
without  the  aid  of  any  spring  t<i   juc-s   it  airainst  the  paper.      Tin  r. 

also  a  pointer  and  scale  in  a  convenient  position  for  showing  at 
the  ime  the  position  of  thi  bt  am. 

Attention  may  be  called  t<>  the  arrangement  of  pnlleyi  shown  in 
snd  21,  Plat  whereby  fast  sod  ^1"\\  ■peeda  can   I 

conveniently  obtain 
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Discussion, 

l^it 'lessor  Hele-Shaw  said  that  since  the  paper  had  been  written 
the  circulating  arrangement  described  in  page  394  had  been  subjected 
to  a  number  of  tests,  and  the  length  of  pipe  in  the  furnace  had 
been  shortened  to  one  half  of  that  originally  tried.  In  addition 
to  this  alteration  a  stand-pipe  had  been  added  in  order  to  ensure 
circulation  ;  the  water  taken  from  the  bottom  of  the  boiler  passed 
up  over  the  top  of  the  stand-pipe,  whereby  sufficient  head  was 
obtained  to  force  it  down  again  to  the  bottom.  There  was  also 
a  small  pipe  for  the  escape  of  steam  from  the  top  of  the  stand-pipe 
into  the  steam  space  of  the  boiler,  in  order  to  prevent  any  possible 
accident.  The  results  of  the  tests  were  given  in  the  accompanying 
Table,  and  were  also  plotted  in  the  three  diagrams,  Figs.  17  to  19, 
Plate  87.  The  experiments  were  made  with  one  thermometer  inserted 
at  the  bottom  of  the  boiler  in  a  gun-metal  pocket  filled  with  oil,  and 
another  thermometer  placed  in  another  pocket  at  the  surface  of  the 
water.  In  the  three  diagrams  the  upper  line  represented  the 
readings  of  the  upper  thermometer,  and  the  lower  line  those  of  the 
lower.       The    first     diagram,    Fig.    17,    represented     the     earlier 

eriments  made  with  the  longer  circulating  pipe,  where  there 
was  no  head  of  water ;  and  it  showed  that  at  the  end  of  five  hours 
there  was  a  difference  of  nearly  180°  between  the  temperature 
of  the  water  at  the  bottom  and  at  the  top,  the  temperature  being  300° 
at  the  top  and  11G°  at  the  bottom.  The  second  diagram,  Fig.  18, 
■bowed  the  action  when  the  pipe  had  been  shortened  ;  after  3\  hours 
there  was  a  maximum  difference  of  about  135°,  which  was  an 
improvement  on  the  previous  trial.  At  the  end  of  !U  or  4  hours  the 
temperature  below  suddenly  jumped  up  to  within  about  20°  of  that  of 
the   Dpper   .-urhiee.      It   seemed  a  puzzle  why  the  temperature  should 

suddenly  increase  at  the  bottom,  until  it  was  noticed  that  at  that 

tii.  11  i  [plosion  had  taken  place  in  the  thick  cylinder- 

oil    in    the  pockei    in    which   the   lower   thermometer   was   placed, 

Turpcntii.'  tituted  for  the   oil.  and  as  shown  in  Fig.  L9 

the  remit  was  that  the  maximum  difference  of  temperature  witb  the 
oareolator  in  action  was  only  from  60   to  70  ,  or  half  of  wh&t  it  had 
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Results  of  Experiments  with  McCuUoch's  Circulating  Pipe. 

Temperatures  of  Boiler  Water  at  Surface  and  at  Bottom. 
See  Diagram*,  Figs.  17  to  19,  Plate  87. 
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been  before  ;  the  temperature  of  the  top  water  was  increased  at  about 
the  same  rate  as  before,  and  the  diagram  still  showed  a  sudden  rise 
in  the  temperature  of  the  bottom  water  when  at  the  end  of  3^  hours 
the  temperature  of  the  two  became  the  same.  It  was  intended  to 
make  more  experiments  with  mercury  in  the  pockets  in  which  the 
thermometers  were  inserted ;  but  owing  to  the  present  pockets  being 
made  of  gun-metal,  mercury  could  not  conveniently  be  used  in  them. 

In  the  elevation  shown  in  Fig.  2,  Plate  79,  the  pipe  S  was 
the  steam-pipe  from  the  boiler  to  the  engine  ;  and  the  larger  pipe  E 
was  the  exhaust  pipe,  which  was  not  generally  used,  but  only  when 
working  the  engine  as  a  high-pressure  or  non-condensing  engine,  in 
which  case  the  steam  had  to  be  exhausted  direct  from  the  low- 
pressure  cylinder  into  the  chimney.  The  pipe  O  was  for  the 
discharge  of  the  circulating  water  into  the  measuring  tank  M.  The 
feed-water  was  taken  from  the  feed-tank  D,  and  was  delivered  by 
means  of  the  pipe  P  into  the  boiler.  The  injector  was  placed 
against  the  wall  of  the  stoke-hold. 

With  the  dynamometer  brake  a  great  deal  of  trouble  had  been 
experienced  in  keeping  the  hollow  rim  of  the  fly-wheel  water-tight. 
It  had  been  tried  at  first  to  pack  it  with  wood  ;  but  it  was  found  that 
the  water  came  out  all  over  the  brake  blocks,  and  interfered  seriously 
with  the  results.  Ultimately  cast-iron  segments  had  been  used  for 
closing  the  inner  face  of  the  rim  with  rust  joints,  packed  with  rust 

'nt  rammed  in  as  hard  as  possible.  This  plan  he  thought  had  at 
last  succeeded. 

In  the  alternative-centre  testing  machine  it  might  be  asked  what 
happened  to  the  nearer  fulcrum  when  the  farther  fulcrum  was 
brought  into  action.  The  bearing  of  the  nearer  fulcrum  was  fixed, 
and  could  not  be  moved  out  of  the  way  as  the  other  could.  The 
further  fulcrum  was  slightly  higher  than  the  nearer,  and  in  ordinary 
Parking  t:  of  the  beam    was  limited  l>y  the  distanco  collar  D, 

'.  Plate  HH,  which  was   removed  only  when  the  end  of  the 

,i    h;i<l    to   be   lei    Dp   higher   foi    clumping  from    one    fulcrum    to 

d    the  collar  vrai  in  its  place,  ihe   range  of  the 

vibration    •  limited    that  even    when    it   wont  up  to  the 

collar  the  nearer  falcrom  did  not  touch  its  bearing. 
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The  new  shearing  arrangement  shown  in  Fig.  22,  Plate  88,  gave 
satisfactory  results.  It  used  to  be  found  with  the  ordinary  contrivance 
that  the  results  were  unsatisfactory  in  shearing  one  side  of  the 
specimen  irregularly.  With  the  present  dies  the  shearing  action  was 
as  perfect  as  it  could  be.  "NY lien  a  shearing  test  was  made  of  soft 
material  aud  Btopped  half-way,  the  specimen  generally  looked  like 
a  crank :  the  two  ends  were  left  exactly  at  the  same  distance 
apart,  and  the  centre-piece  was  sheared  half  out,  and  the  whole  of 
the  material  seemed  to  flow  together,  so  that  a  sort  of  crank  was 
produced. 

Professor  "William  RlPPXB  was  greatly  pleased  to  learn  from  the 
paper  that  such  excellent  arrangements  wen  made  for  the  education 
of  engineers  at  University  College,  Liverpool.  In  regard  to  the 
measurement  of  the  steam   consumption  in   the  exp riniental   engine, 

lie  enquired  whether  it  was  the  feed  supply  that  was  measured,  or  the 
condeiiM  d  steam  collected  in  ■  separate  vessel  after  passing  through 

the   engine:    1  had    himself  always   found    a    considerable 

difference  between  the  records  obtained  in  these  two  ways.     In  the 

case  of  an  engine  designed  with  such  elaborate  arrangements  as  those 

now  described   for    interchanging   the   cylinders— using   the   higjb- 

pn  b  ylinder  by  itself  and  exhausting  from  it  direct  into  the 

.  working  as  a  compound  engine  with  two  cylinders  only, 

or  working  the  three  cylinders  all  together    he  thought  it  would  bt 

much    into  to    ha\  rds    of   tin-  results  of 

eriments  carried  out  ander  those  different  conditions.     Although 

so  many  valuable  t<  its  had  already  been  published  in   regard   feo 

amy,  he  believed  among  manuiaetui       |   ere  was 

still  a  imounl  of  ignorance  and   Lack  of  appreciation  of  die 

imp  of  the   subject.       Marine   * ■  1 1 •_/ i t i »  •  I    necessarily    1. 

well  aware  of  the  importai  economy;  but  that  was  not  the  case 

in  many  of  the   manufacturing  centres.      Lancashire    WIS    probably  at 

the  head  of  stationary-engine  practice  in  regard  toeoonomy;  but  en 
in   so   important  s  centre  of  manui  as   Sheffield   he  doubt 

whether  there   were  half  a  dozen  compound  oi    ines  ho  the  whole 
ii.    The  enormoc  team  that  must  I  d  in  a 
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place  where  such  a  great  amount  of  power  was  being  used  was 
sufficient  to  show  how  much  there  was  yet  to  be  learnt  by 
manufacturers  in  general  with  regard  to  the  importance  of  steam 
economy.  He  had  not  himself  the  advantage  of  an  engine  capable  of 
the  number  of  changes  which  that  described  in  the  paper  could 
undergo.  With  his  own  experimental  engine  in  Sheffield  the 
consumption  could  be  changed  from  22  lbs.  weight  of  steam 
per  horse-power  per  hour  to  40  lbs.,  by  working  under  different 
conditions ;  and  the  range  with  the  engine  now  described  must  be 
much  greater.  It  would  be  a  matter  of  great  interest  to  engineers 
and  manufacturers  to  know  that  with  the  same  engine  such  various 
results  could  be  obtained.  If  it  were  said  that  a  marine  engine  could 
get  one  horse-power  from  1 J  or  2  lbs.  of  coal  per  hour,  while  another 
kind  of  engine  used  5  lbs.  or  more,  that  was  not  so  striking  as  to 
show  what  could  be  done  with  the  same  engine  working  with  the 
same  pressure  of  steam  under  different  conditions. 

Another  matter  which  he  was  sure  engineers  would  like  to  know 
more  about  in  connection  with  this  experimental  engine  was  what 
results  had  been  obtained  from  the  means  here  provided  of  varying 

angles  of  the  cranks  relatively  to  one  another.     It  would  have 
been  of  great  interest  if  the  paper  had  given  some  record  of  the 
ults  of  experiments  upon  this  point. 

In  regard  to  the  difficulty  experienced  with  the  fly-wheel  used  as 
a  brake,  he  had  a  somewhat  similar  arrangement  of  brake,  but  had  not 
had  the  same  difficulty,  because  his  engine  exerted  only  about  40  H.P., 
and  therefore  there  was  not  so  much  power  to  bo  taken  off  the  wheel 
as  in  the  present  instance.  For  experimental  purposes  in  most 
college!  he  thought  much  Leas  power  would  answer  almost  every 
requirement  It  waa  a  good  tiling  however  that  there  were  some 
ional    Colleges  having   an    engine  of  such  a  size  as    that   new 

I  capable  of  producing  such  a  variety  of  results. 

Mr.  Chabi      (  Past-President,  presumed  the  circulating 

an.  ant  alluded  to  in  page  894  was  a   elf-circulating  arrangement, 

and  that  the   feed-pump  bad   nothing   to   <lo  with  producing  the 

'illation.      In  that  ca-e  he  thought  the  cause  of  the  long  delay  in 
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its  action,  as  indicated  in  the  diagrams,  Figs.  17  to  19,  Plate  87,  WIG 
not  far  to  seek.  The  fire  being  inside  the  flue,  above  the  bottom  of 
the  boiler,  was  therefore  heating  the  water  above  the  flue.  The  hot 
water  rose  to  the  surface ;  and  the  slowest  circulation  was  that  which 
took  place  downwards,  above  and  at  each  side  of  the  flue,  where  the 
width  of  the  surface  of  the  water  was  the  greatest.  Meanwhile 
beneath  the  flue  there  was  the  least  width  of  water  for  the  downward 
circulation  to  travel  through,  the  width  diminishing  with  reduced 
depth  of  water  measured  upwards  from  the  bottom  of  the  boiler ;  and 
though  the  heat  from  the  fire  was  so  little  through  the  bottom  of  the 
flue  as  to  produce  little  or  no  effect  at  all,  yet  as  the  smaller  volume 
of  water  became  gradually  warmed  by  the  circulating  apparatus  a 
point  was  at  length  reached  at  which  it  would  act  more  rapidly, 
owing  to  the  diminished  volume  of  water  to  be  warmed  ;  and  hence 
the  sudden  rise  6hown  in  the  diagram  occurred  when  the  water  at 
the  bottom  suddenly  assumed  the  temperature  of  the  rest  of  the 
boiler.  If  this  were  the  cause,  as  he  believed  it  to  be,  of  the  sudden 
rise,  it  had  nothing  to  do  with  the  oil  or  the  turpentine  in  which  the 
thermometer  was  inserted.  With  tho  circulating  pip*-  carried 
through  the  furnace  he  thought  there  must  I  D  a  Darrow escape 

from  some  accident;  the  pipe  had  wisely  enough  been  shortened 
already  to  half  its  original  length,  ami  he  considered  it  would  be 
better  still  to  sweep  it  away  altogether. 

Mr.  James  Pi.  ced  at  what  point  I  tore  was  taken 

at  the  bottom  of  the  boiler   relatively   to  the   delivery   iio/./le  of  the 

circulating  pip 

Prod  3haw  said  the  thermometi  I   inwards 

about  I',  inches  from   the  front  of  the  boiler,   an-1  Wli  about   1"-  ino] 
from  the  deliv.  iy  cud  of  the  circulatii 

Mr.   Jamkh    lYvir    thought    in    that   OBfll  tUTC    n 

:ily  that   jmfl  :it   the   .1-  lively  of   |  ;M  n>,[ 

tab  .■!  t<  in] ■■  •  r  in  the  bottom  of  I 

b  tier  throughout  it-  whole  1<  ogth. 
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Mir.  SraPHEN  H.  Terry  asked  whether  in  the  dynamometer  brake 
any  allowance  had  been  made  for  the  friction  of  the  two  glands  in 
tht-  central  stuffing-box ;  and  if  so,  what  was  the  amount  of  the 
allowance  in  estimating  the  effective  load  lifted  by  the  brake.  With 
regard  to  the  exj3eriinental  engine  and  its  economy  of  fuel,  in  steam 
ships  the  great  point  was  not  merely  how  economical  the  engine 
WMB  by  itself,  but  how  economical  the  machinery  was  as  a  whole, 
including  also  the  boiler,  the  condenser,  the  feed  heater,  and  the 
rest  of  the  apparatus.  With  the  experimental  marine  engine  now 
described  was  associated  a  marine  boiler  of  good  design ;  but 
nothing  had  been  said  about  any  provision  for  testing  the  economy 
of  the  boiler  as  a  producer  of  steam,  apart  from  the  engine. 
There  was  still  a  great  deal  to  be  done  in  economy  in  regard  to  the 
marine  engine,  and  a  good  deal  also  to  be  done  by  making  the 
boilers  produce  more  steam  for  a  given  weight  of  coal.  This  was 
a  point  which  could  not  be  lost  sight  of  in  a  technical  college ; 
and  it  was  therefore  desirable  that  tests  should  be  made  on  combustion 
and  on  steam  production,  in  addition  to  those  on  the  modes  of  using 
the  steam  when  raised. 

Mr.  Henry  Lawrence  asked  what  was  the  size  of  the  circulating 
pipe   added   in   the   boiler   furnace;    and  whether  it  was  made  of 
ought-iron  or  copper.     Also  what  kind  of  wood  was  used  for  the 
1  50  blocks  which  were  attached  to  the  strap  of  the  brake  wheel. 

ProU  mat    J.   A.   Ewnra,    in    congratulating   the   author   on    the 

ess    which     lie    had    attained    in    establishing    an   engineering 

lab  in     Liverpool,    said    it    was    hardly   possible    that   the 

iTiitiiliitioii    should   not   be   mingled    with    an    almost    envious 

admiration    on    the    part    of   Other    professors   of    engineering  in    the 

(dally  in  regard  to  the  diplomacy  which  had  so  well 
led   in  Stimulating  the  generosity  of   Sir  Andrew  Walker  to 

provide   the    reqmVite    funds    for   the    purpose.       Tin's   was   a   matter 

winch  appealed  to  tnmeeli  with  peculiar  force  at  the  present  time, 
fan  Cambridge  be  had  .just  began  to  work,  they  were 

tabli.-h  a  large  engineering  laboratory,  and   the  first 
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thing  to  be  considered  was  where  to  obtain'  the  necessary  means ; 
they  were  in  fact  waiting  for  a  millionaire. 

With  regard  to  the  engine  itself,  it  was  impossible  not  to  notice 
that  in  every  successive  engineering  laboratory  the  experimental 
engine  was  becoming  more  and  more  expensive  and  complicated. 
The  policy  he  thought  was  somewhat  doubtful  of  presenting  to 
students,  who  had  necessarily  but  little  previous  acquaintance  with 
steam  practice,  such  a  complicated  piece  of  mechanism  as  an 
experimental  engine  of  this  kind.  With  a  view  to  research  also, 
might  it  not  be  questioned  whether  an  engine  which  was  capable  of 
such  a  variety  of  transformations  was  after  all  the  best  means  of 
comparing  the  efficiency  of  various  modes  of  working  the  steam 
engine?  As  a  triple-expansion  marine  engine  it  was  no  doubt 
designed  to  be  as  efficient  as  possible.  Was  it  then  fair  to  take 
the  results  which  would  be  got  from  it  when  it  was  worked  simply 
compound  with  two  cylinders  only,  or  worked  as  a  single  engine, 
and  to  compare  these  as  representative  examples  of  compound  or 
single-cylinder  working?  He  questioned  whether  the  desire  to 
work  the  engine  in  an  extensive  variety  of  possible  ways  might 
not  be  carried  too  far.  Even  for  the  porposi  B  of  resi  Rich,  it  might 
be  unable  to  do  justice  to  each  of  the  different  modes  of  working. 
Probably  with  little  increase  of  cost  several  separate  engmi ■  might 
1m-  provided  tor  a  laboratory,  each  of  which  should  be  a  fair 
representative  of  its  own  manner  of  working. 

With  regard  to  the  dynamometer  brake,  with  which  it  hud  1 1 
mentioned    thai    some    difficulty   hud    been    i  \j  •  was 

somewhat  nrpriaed  that  the  beautiful  hydraulic  or  turbine  brake  bad 
not  been  ado]  bich  had  been  applied    bj    I  i   Reynolds 

to  the   engines  in   the   Whitwortb   laboratory  at   Owens   OolL 
ICanohester.     I:  would  be  difficult  to  imagine  anything  mon 

than  that  brai  and   failing   it-  ttely  the    DJ 

was  the  plain  rope-brake.     V» «  ugh  thought,  who  bad  worked 

with  a  rope-brake  had  railed  t>»  ap]  its  value  highly;  and  he 

considered  it  was  much  t«»  1»  i  wood-block  brs 

difficulty  which  I                       aith  in  working  with  water,  and  in 

I iie  hollow  rim  <>t'  the  lly-wl  t,  might  1 
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!i  avoided  by  not  attempting  to  make  the  rim  water-tight,  that  is, 
by  not  closing  the  rim  at  all  on  the  inside,  but  merely  having  an 

D  gutter  in  the  rim  which  could  be  kept  full  of  water  by  the 
atrifugal  force:  a  little  splashing  of  the  water  would  not  have 
mattered  with  a  rope  brake.  The  speed  of  the  fly-wheel  was  such 
that  with  an  open  gutter  in  the  rim  the  water  stood  in  it ;  and  the 
only  inconvenience  was  that,  when  the  engine  was  stopping,  a  certain 
critical  velocity  was  reached  at  which  all  the  water  came  down. 
But  that  was  a  beautiful  illustration  of  the  principle  of  centrifugal 
f  tree  which  was  much  appreciated  by  students.  He  joined  Professor 
Pdpper  in  the  hope  that  some  account  would  be  given  of  what  the 
actual  performance  of  the  experimental  engine  was,  with  some 
indicator  diagrams,  if  not  actual  tests  of  efficiency.  Such  tests 
need  not  take  a  long  time  to  make.  This  was  a  point  which  was 
not  so  generally  appreciated  as  it  might  be.  With  the  compound 
engine  of  the  marine  type  which  he  had  had  in  the  engineering 
laboratory  at  University  College,  Dundee,  which  was  provided  with 
a  surface  condenser,  he  had  found  that  it  was  possible  to  get  a 
trustworthy  test  of  the  performance  of  the  engine  in  ten  minutes. 
Not  that  any  one  could  go  into  the  laboratory,  and  in  ten  minutes 
obtain   the  result :    the   engine  had  to  be  kept  working  under  the 

aded  conditions  for  an  hour  or  two  before  the  test  was  made  ; 

but  the  actual  observation   need   not   take  more  than   ten  minutes. 

The  principle  of  course  was  to  examine  the  amount  of  heat  supplied 

to  the  engine  and  passing  through  it,  by  measuring  the  weight  and 

bture  of  the  condensed  witter  from  the  surface  condenser.     An 

eloping  40  or  50  I.H.P.,  and  running  about  ten  minutes, 

lid  collect  from  100  lbs.  to  200  lbs.  of  condensed  water,  which 

■  quantity  quite  sufficient  to  collect  and  weigh  ;  and  by  taking 

orer  and  over  again  at  short  intervals,  it  was  found  that 

ed    with     one    another    closely.      Any    variations    in    the 

of  running  could  in  that  iray  have  their  efleota  examined 

wit'  I  rapidity  ;  and  in  fact  in  ■  single  day  the  engine  could  be 

arious  conditioni  of  jacketing  and  non-jacketing,  and 

with  va:  of  expansion. 
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AYith  regard  to  the  autographic  recorder  of  the  testing  machine, 
an  identical  recorder  had  been  fitted  by  Mr.  Wicksteed  two  years  ago 
to  the  experimental  testing  machine  in  Dundee,  and  it  worked  most 
admirably.  One  point  that  had  not  been  alluded  to  was  the  manner 
in  which  the  cord  rotating  the  barrel  was  released  at  the  moment  of 
rupture  of  the  specimen.  In  the  Dundee  machine  the  cord  terminated 
in  a  short  piece  of  copper  wire,  which  was  clutched  by  the  tail  of  a 
little  horizontal  weighted  hammer  at  the  lower  of  the  two  clanips  on 
the  specimen.  AVhen  the  specimen  broke,  the  lower  holder  carrying 
the  hammer  came  down  suddenly  through  a  short  distance  with  great 
speed;  and  the  inertia  of  the  horizontal  weighted  hammer  threw  its 
tail  up  and  released  the  wire,  and  the  barrel  ceased  to  be  rotated. 
This  autographic  recorder  he  had  found  to  be  exceedingly  per: 
subject  of  course  to  the  qualification  that  the  accuracy  of  the  results 
depended  upon  the  steadiness  with  which  the  operator  worked  the 
jockey  weight  along  the  lever.  It  must  not  be  allowed  to  run 
spasmodically  by  fits  and  starts,  or  to  run  out  so  fax  as  to  bring  the 
lever  end  down  upon  the  lower  -top.  >,<>  doubt  in  toting  a 
specimen  which  had  a  sharply  denned  point  of  rupture  it  was 
difficult  to  get  the  diagram  to  represent  fairly  what  was  happening  in 
the  specimen  ;  but  with  proper  care  it  might  bo  done,  and  when  it 

was  done  nothing  could   be  better   than   that  method  of  obtaining  in 

an  autographic  diagram  the  relation  of  the  strain  to  the  stress.     It 
was  not  too  much  to  say  that,  when  fitted  with  such  an  autographic 

-r.hr.  and  when  also  supplied  with  ■  hydraulic  intensiner,  which 
he   was  surprised  to  find   had  not  been  provided  iii  the  present 

kanoe,  nothing  oould  «  d  point  oonTeniei 

the  single-lever  u  Bting  machine  designed  by  3Ir.  V  l. 

Mr.  Davis  Joi  said  that,  a  radial  valve-gear  had 

en   adopted  on    the  intermediate  cylinder  of    tl..           rimenteJ 

.  .  i  ■    might  i  word  in  favour  of  radial 

an,     Be  had  bad  much  pi  ■    ssidaraMa  attention 

to  the  designii          fchisvalvn  had  a  bearing  on 

nun  of  the  more  advan  .  teaching  them 

mething  of  what  was  going  forwards  in  regard  tovah 
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It  had  been  objected  to  tbe  radial  valve-gear  now  coming  so  muck 

into  use  tkat  tke  link  gear  still  keld  its  own  and  would  continue 

to  do  so,  because  tke  men  in  tke  engine  room  kaving  kad  to  use  it 

so  long  could  understand  it,  wkile  tkey  could   not  understand  tke 

mure   modern   and    scientific    radial    gear.     But    if    advances    and 

imju-oveinents  were  to  be  allowed  to  be  retarded  by  want  of  education 

on  tke  part  of  workmen,  it  was  surely  a  pressing  duty  to  raise  tke 

education  of  tke  workmen.     He  kad  recently  met  an  engine-driver, 

wbo  was  second  engineer  on  board  a  skip  fitted  witk  kis  own  radial 

valve-gear.     Finding  kim  an  intelligent  man  wko  looked  well  after 

tke  mackinery,  ke  sent  kim  a  complete  set  of  drawings  of  tke  gear, 

witk  rules  for  its  construction,  in  order  tkat   ke  migkt  be  able  to 

study   it   tkorougkly   and  make   kimself  fully  acquainted  witk   its 

construction    and   working.      Witkin    a   few   montks    ke    kad    tke 

gratification  of  kearing  from   kim   tkat   tke  drawings  kad   proved 

more  serviceable  to  kim  tkan  anytking  else  tkat  could  kave  been 

sent  to  kim,  because  tke  information  ke  kad  derived  from  tkem  kad 

enabled  kim  to  pass  an  examination  wkick  gave  kim  a  kigker  grade 

as    an    engineer.      Rather   therefore   than   let   the   improvement  of 

machinery  be  retarded  by  the  want  of  education  of  the  men,  it  was 

a  foremost  duty  to  bring  the  men  up  to  the  advancements  that  were 

being  made.     It  had  been  urged  against  the  radial  valve-gear  that 

it  would  not  do  for  high  speeds:  he  maintained  that  it  would.     It 

id  that  it  yielded  by  the  springing  of  the  parts  in  working, 

i    that   what   appeared    to  be   the   distribution,  according  to    the 

valve-j.ath  diagram  and  the  setting  of  the  valve,  was  not  what  was 

.ally  obtained    in    the  cylinder    when    the  engine  was    at   work. 

When  properly  designed  his  own  valve-gear  would  not  give  in  the 

there  was  do  bend  or  spring  at  all.    With  high-speed  engines 

(led  increasing  the  weights  for  the  purpose  of  increasing  the 

bs  of  t.:  ;  indeed  the  weights  bad  really  been  reduced 

made  lighter  by  arranging  all  the  material  in  the 

rork  to  be  done.    All  the  levers  were  made  almost 

like  saw  blades,  that  ii  very  narrow  and  deep,  thereby  giving  the 

•;i  in  th<;  direction  of  the  strains;  and  the  result  wan  that 

the  ame  OUt    clean    and  sharp,  and    as  full  as 
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could  be  desired :  showing  that  the  engine  was  not  running  with 
a  yielding  valve-gear,  but  that  all  the  parts  were  strong  enough 
to  prevent  bending  or  springing  of  any  kind. 

Mr.  Edward  Reynolds  said  that,  so  far  as  the  experimental 
engine  had  been  described,  it  appeared  to  him  to  be  exactly  what  wie 
wanted  for  the  education  of  engineering  students. 

Some  members  like  himself,  though  not  practising  specially  as 
marine  engineers,  were  nevertheless  able  to  obtain  particulars  of  the 
consumption  of  fuel  &c.  in  some  of  the  most  important  fleets  in  the 
world;  and  certain  apparent  anomalies  existed  which  were  will 
worth  investigation.  For  example  he  knew  of  6hips  in  which  the 
consumption  was  2*1  lbs.  of  coal  per  I. II. P.  per  hour,  running  at 
high  speeds  and  working  with  less  coal  in  proportion  to  their 
carrying  power  multiplied  by  their  speed  embed  than  some  of  th 
fitted  with  more  highly  expansive  engines.  Such  a  result  was  of 
course  open  to  explanation  in  many  ways  which  this  experimental 
marine    engine    was    well    calculated    to    Qlustrati  .  as    he 

understood  the  paper,  the  experiments  made  with  it  were  directed 
amongst    other     things     to  lining     the  tfl     of    extreme 

expansion,  or  what  some  engineers  would  agree  with  himself  in 
calling  over-expansion. 

Although  it  \  cribed  ■  tperimenta]  marine  engine,  he 

thought  some  of  the  circumsta  brining   the   chief  distinction 

between   marine  and   other  engine-   had    be  pie 

the  experiment*]   engine  had   i   fly-wheel   applied    to   it,  whan 
rtain  variations  in  the  pon  ome  in  ■  way  in 

which    they  m  I  ■  ily-u  1 

the  power  could  be  appli  ropelh  r  acting  on  ■  yielding 

medium    like    I  Ould    be   certain    irn-guhuv  OQ, 

to  which  some  importance  tached.     Pes  example,  it  had 

M  claimed  \.  EL  Seatoo  thai  he  had  attained  in  j 

higher  results  from  engines  making  mo  on  the  wai 

while  another  eminent  engini » r  did  not  belieTe  this  would  make  any 
appn  i  iable  di  l         inly  the  coal  aooountp 

ahipi  a  ith  i  ijually  world] 

a  n 
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as  he  hail  himself  been  able  to  observe,  the  disappointment  in  certain 
966  of  triple  expansion  had  been  largely  due  to  the  fact  that  the 
I  nginee  were  not  sufficiently  hard  worked.  They  were  not  like  the 
"Majestic,"  which  the  members  had  had  the  pleasure  of  visiting 
sterday,  where  the  boilers  were  fully  kept  up  to  the  mark,  with 
plenty  of  steam  so  as  always  to  have  proper  pressure  in  the  third 
cylinder.  Attention  had  yesterday  been  drawn  by  Mr.  White 
(page  349)  to  the  important  practical  bearing  of  this  point. 

Another  matter  in  which  he  was  specially  interested  arose  out  of 
this  question  of  unequal  action,  though  it  did  not  altogether  come 
under  collegiate  observation :  namely  that  the  crank  of  the  high- 
pressure  cylinder,  having  to  do  more  than  its  fair  share  of  the  work, 
caused  unequal  wear  of  the  bearings,  and  the  shaft  ultimately  came 
to  grief.  But  his  chief  object  was  to  call  attention  to  the  fact  that 
the  experimental  engine  would  have  more  value  if  arranged  to  work 
against  a  yielding  medium,  instead  of  being  fitted  with  a  fly-wheel 

at  present.  Probably  the  most  convenient  way  to  attain  this 
«>l»ject  would  be  to  drive  a  centrifugal  pump  with  the  inlet  and  outlet 
opening  into  such  large  chambers  that  there  would  not  be  any  such 
momentum  of  the  water  column  as  might  exist  in  long  pipes. 

Professor  Arnold  Lupton  considered  one  of  the  advantages  of  the 

*  rimental  engine  was  that  it  would  give  the  means  of  ascertaining 

the  steam  consumption  per  brake  horse-power  for  a  single  cylinder 

and    for    a    compound   engine,    with    all    the    friction    of  the    three 

inders  and  valves  and  air-pump,  which  he  thought  would  afford  a 

practical  comparison   of  much  value.     With  regard  to  the  boiler,  he 

enquired  irhether  in  the  absence  of  the  circulating  arrangement  it 

pected  thai  the  bottom  would  always  remain  cold,  saj  not 

hotter  than  180''  P. ;   and   if  so,  vrhether  the  gases  could  then  be 

delirered  into  the  chimney  at  a  lower  temperature,  thereby  ensuring 

a  higher  theoi  economy  of  coal  consumption.     If  the  boiler 

could  alwaj    I-  b  pf  hot  at  the  top  and  cold  at  the  bottom,  it  seemed 

to  i  ility  of  low  flue-temperatures  which  was  not 

contemplated    in    practice.     It    would    be   Like   making   the 

fa  own  feed-wafe  r  beater  or  economises,  an  arrangement  only 
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practicable  perhaps  where  there  was  a  superfluity  of  boiler  space. 
The  magnificent  testing  machine  and  the  rest  of  the  arrangements 
described  in  the  paper  inspired  the  hope  that  the  individual 
munificence  to  which  they  were  here  due  would  be  emulated,  if 
not  by  individuals,  at  any  rate  by  communities,  for  furnishing  other 
engineering  colleges  with  similar  or  possibly  still  more  extensive 
laboratories. 

Professor  John  Goodman  mentioned  that  last  summer  he  had 
visited  several  of  the  technical  colleges  in  the  United  States,  and  had 
expected  to  find  them  excelling  in  respect  of  testing  appliances ; 
but  he  Lad  seen  nothing  whatever  that  could  compare  with  the 
machinery  in  the  Walker  engineering  Laboratories,  Most  of  the 
American  laboratories  were  fitted  up  with  inferior  experimental 
engines  ;  in  fact  there  was  only  one  experimental  engine  that  he 
knew  of  in  the  United  States  which  would  compare  with  that 
described  in  the  present  paper:  it  was  at  tin  ichusetts  Institute 

of  Technology  in  Boston.  It  was  fitted  with  Corliss  valve-gear: 
and  lie  thought  that,  if  the  experimental  engines  in  this  country 
\\<re  arranged  to  have  one  at  Least  of  their  cylinders  fitted  with  that 
valve-gear,  it  would  be  useful  for  the  instruction  of  the  students. 

In  regard  to  the  Lose  referred  to  by  Professor  Ripper  (pegs  L01) 
between  the  feed  water  and  the  water  discharged  from  the  six  pump, 
this  had  been  moon  ox  Less  of  ■  mystery  fare  long  time.    The  1 
he  belieTed  wasalwayi  found  to  be  at  Least  5  pen  md  he  had 

hin.  tually  Doted  is  much  si  L6  per  cent.,  between  the  feed 

water  put  into  the  boiler  and  the  wau  r  discharged  from  the  six 
pump;  and  it  was  not  known  exactly  where  tin  ourred,  though 

some  of  it  \  only  dm  to  L  i 

Beaid<  •  Learning  the  different  methods  of  working  steam-engine^  m> 

litlerent  d<  •._'!<<-  <»f  economy,  it  was  also  important  that 

■tudenti  should  be  taught  ho  I  the  valves.     In  all  experimentaJ 

laboratorii  >    he  should  lil  i    1  that 

tho  vakrs  could    l»«-   i  .ml  that    the   angles   of  tin 

oould    1  wrong,    and   the  length   of  the    •  ids 

elongai   1   and  shoi  Bhould   th<  ..m* 

•1  • 
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from  the  engine,  and  determine  from  the  diagrams  what  was  the 
defect  and  how  it  was  to  be  rectified.  In  testing  engines  and  taking 
indicator  diagrams  from  them,  engineers  frequently  obtained  peculiar 
diagrams,  the  solution  of  which  was  sometimes  to  a  great  extent  pure 
guesswork.  If  those  peculiar  diagrams  were  taken  in  a  laboratory 
where  there  was  the  means  of  readily  finding  out  what  was  the 
actual  cause  of  the  peculiarity,  the  experience  so  gained  would  be 
of  great  value  to  the  students.  It  would  also  be  useful  to  try  leaky 
valves  and  leaky  pistons  ;  and  to  circulate  different  quantities  of 
steam  through  the  jackets,  and  to  have  them  sometimes  full  of 
water,  as  was  often  the  case  in  actual  practice. 

As  marine  engines  worked  without  governors,  he  enquired  whether 
the  experimental  engine  was  fitted  with  any  governor.  The  boiler 
shown  in  Figs.  13  and  14,  Plate  85,  appeared  to  be  small  for  a  150-H.P. 
engine  ;  and  he  should  be  glad  to  know  whether  any  auxiliary  boiler 
wib  used,  from  which  additional  steam  was  obtained. 

The  alternative-centre  testing  machine  he  considered  an  excellent 
arrangement.  It  had  been  looked  upon  as  a  weak  point  in  connection 
with  the  Wicksteed  machine  that  the  travel  of  the  jockey  weight 
was  so  small  when  testing  small  specimens ;  and  this  arrangement 
of  the  alternative  further  centre  got  over  that  objection  in  an 
admirable  way.  With  regard  to  the  autographic  recorder,  he  had  a 
strong  objection  to  any  autographic  gear  which  depended  upon  the 
-kill  of  the  operator,  and  he  considered  it  ought  to  be  entirely 
independent  of  any  manipulation.  In  testing  certain  specimens — 
for  example  gun-metal  or  steel  at  high  ten^eratures,  and  many  other 
tests    where    the    specimen    did    not    elongate    regularly — it    whs 

olntely  impossible,  however  slowly  the  machine  was  worked,  to 

p   the  steel-yard   floating   when   the  jockey   weight  was   being 

travelled  by  hand.     An  autographic  gear  working  on   that  principle 

would   not  show  how  the  metal  actually  behaved   under  the  test; 

whereas   such    an    arrangement   as    Mr.    Wicksteed's    or   Professor 

d  <  uct    record    of   how   the   specimens   behaved. 

The    shearing    lhackle    he    was    glad    to    hear    was    found    to    be  so 
■  e.-.-fiil,    for     he     believed     he     had    originally    proposed    it    to 
.Mr.  Wickstee'l. 
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Mr.  George  Cawley  enquired  whether  the  jockey  weight  on  the 
testing  machine  could  be  travelled  along  the  beam  by  the  engine  at 
various  definite  speeds,  and  whether  this  could  be  done  by  cone 
pulleys  or  other  means.  "With  regard  to  the  alternative  centres, 
which  had  been  referred  to  in  the  paper  (page  394)  as  the  chief 
feature  of  the  machine,  and  one  that  was  entirely  novel,  he  mentioned 
that  in  a  testing  machine  which  he  had  made  about  sixteen  years  ago 
for  the  Imperial  College  of  Engineering,  Tokio,  Japan,  alternative 
centres  were  used.  The  same  machine  also  had  connected  with  it  an 
autographic  recording  apparatus,  which  gave  excellent  diagrams 
without  any  manipulation  by  the  exporimenter ;  a  varying-speed 
arrangement  for  moving  the  jockey  weight  along  the  beam ;  and  a 
trigger  device,  similar  t<>  that  used  in  the  present  machine,  for 
indicating  the  exact  position  of  the  jockey  weight  on  the  beam  when 
the  specimen  broke.  A  deseription  of  the  principal  details  of  that 
machine  had  been  given  in  Engineering  (1G  November  1877, 
page  38G). 

Mr.   Samuel  Boswell  noticed    that    in   the    construction    of  the 
boiler  the  longitudinal  seam  was  placed  down  in  the  water  .^j1 
instead  of  above   the   water   line    m  he    believed    wafl   censidexed 

preferable   in    modern     practice.      Hie   Baked    whether  there    was  any 

arrangement  fox  altering  the  length  of  the  fire-grate,  ox  raising  ox 
lowering  the  fixe-bxidge,  bo  m  to  get  results  ondex  different 
conditions.  Although  he  had  Been  much  of  the  single-lever  testing 
machine,  he  had  hud  more  experience  with  on<    i  I   Mr.  Kirkaldy'a 

machines     made     by     Mes-rs.     (ireenwood     and     Batloy,    whieh     ho 

pxefexxecL     En  ■  Kixkaldy  machine  at  Mi  I  .  whieh  he 

bad   recently  adjusted  fox   the  Board  of   Txada,  the  balance  was 

turned   by  even    less   than   an   ounce    in   a   BOale   pan   attached    to    the 

short  end  of  the  L  L  and  be  had  found  that  many  engine) 

could  hardly  believe  this  oould  be  done  either  in  the  single-lever 

machine  or  in  any  othl  r. 

Mr.  JAM!  -  M.  M-  Cl  I  lid  he  had  himself  had  some  6Xp 

with  the  boiler  circulator  d<  I  in  the  pa]  1  if  it  was  not 
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sale  to  put  the  circulating  pipe  in  the  fire,  it  was  not  safe  to  uso  the 
water-tube  boilers  which  were  now  being  constructed  entirely  of 
small  water-tubes.  In  the  present  instance  the  circulating  pipe  had 
three  connections  open  to  the  boiler  ;  and  if  the  pipe  were  to  burst  it 
would  simply  put  the  fire  out,  while  the  three  connections  could  all 
be  closed,  and  then  the  boiler  could  go  on  as  if  the  pipe  were  not 
there  at  all.  The  length  of  the  pipe  depended  upon  the  length  of 
the  furnace  and  the  force  of  the  draught ;  in  the  present  instance 
there  was  a  strong  draught.  The  pocket  in  which  the  thermometer 
was  inserted  in  the  bottom  of  the  boiler  was  unfortunately  nearer 
the  delivery  end  of  the  pipe  than  he  wished ;  but  it  had  been  so 
fixed  before  the  delivery  was  arranged  for.  The  third  diagram, 
Fig.  19,  Plate  87,  represented  a  period  of  3 J  hours,  during  which 
2  inches  of  cold  feed-water  was  run  into  the  boiler  without  producing 
any  appreciable  effect  upon  the  temperature  of  the  water  in  the 
boiler.  Having  been  connected  with  boilers  and  their  repairs  for  the 
last  thirty  years,  he  had  found  that  the  repairs  of  marine  boilers 
were  almost  entirely  at  the  bottom ;  and  he  regarded  it  as  a  reflection 
upon  engineering  that  the  bottoms  of  boilers  should  be  in  the 
condition  in  which  all  who  had  had  any  extensive  experience  in  the 
survey  of  marine  boilers  would  agree  that  they  frequently  were  at 
the  present  time  on  board  ship,  owing  as  he  believed  to  want  of 
i  ir<  ulation.  The  boiler  he  considered  was  the  most  vital  part  on 
board  a  steamer,  and  most  wanted  attending  to. 

Profeesoi     EELS-SHAW    said    it     was     only    right    towards    the 

muninoenl    founder   of    the   Walker     Engineering    Laboratories   to 

ntion  fchat  no  diplomacy  had  been  required  for  inducing  him  to 

i    them   for    the   benefit   of   Liverpool.      Baying    originally 

promised     £16,000   for    the  purpose,  he   had    ultimately  defrayed 

without  ion  their  entire  cost,  amounting  to  £28,000. 

If  the  seeming  complication  of  the  experimental  murine  engine 

'   -.  it  mighi  be  explained  that  there  were 

•  other  en  the  laboratory,  including  a  lo-ll.l*.   Robey 

si]   of  which  were  simple  and  direct-acting \   and  ordinary 

indi  diagram!  could  be  taken   from  any  of  these  \>y  Hie  less 
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advanced  students  Moreover  as  a  fair  proportion  of  the  fifty 
students  employed  their  leisure  time  in  the  workshop  in  making  for 
themselves  steam  engines  from  l-3rd  II.P.  to  5  H.P.,  there  were 
always  quite  enough  of  the  ordinary  kind  of  steam  engines  to  make 
experiments  upon.  The  experimental  murine  engine  was  fitted  with 
a  high-speed  Porter  governor  (page  412)  of  the  ordinary  kind, 
acting  directly  upon  the  throttle-valve. 

The  criticism  by  Mr.  Reynolds  in  regard  to  the  fly-wheel 
(page  400)  was  quite  a  fair  one;  to  thai  extent  the  experimental 
engine  did  not  exactly  represent  an  actual  marine  engine.  In  the 
absence  of  a  screw,  the  difficulty  was  to  manage  without  a  fly-wheel. 
There  was  however  the  means  of  removing  the  fly-wheel  by  the  aid 
of  a  travelling  crane;  and  possibly  at  a  future  date  an  experiment 
might  be  made  with  ■  screw  working  in  ■  tank  of  water. 

II(   de-iivd  to  thank  Mr.  Joy  for  bis  kindness  in  allowing  the  use 

of  his  valve-gear,  and  for  all  the  trouble  be  had  taken  in  adapting  it 

to  the  experimental  engine  ;  and  also   the  engineering   Committee  of 

the  College,  and  the  other  engineers  who  had  been  asked  to  give  any 

.all  of  whom  had  agreed  in  regarding  the  laboratory  as  ■ 

eolleetion  of  i  ring  appliances  for  educational  purposes,  and 

had  been  meal  kind  in  doing  all  they  OOUld    towards  the  promotion  of 

that  object.     Be  would  also  take  this  opportunity  of  acknowledgi 
the  assistance  he  had  i  1  from  3Ir.  John  K'<  uey  Smith,  formerly 

chief  draughtsman  of  Messrs.  Forrester  and  (\>.    On  some  tut 

d  he   hoped   to  q1   the  results  asked  for  by  Pi 

Kipper  (pugs  M)l)  from  the  different  modes  of  working  the 
(  cperimental  engn 

There  had  been  do  means  of  measuring  the  friction  of  the  glands 
in  the  central  stuffing-  the  dynamometer  brai  lnh;  do 

doubt  there  was  some  friction,  but  it  muai  l><  ■  reiy  small  amount. 
It   musl  not   1  oked  thai  in  the  working  of  the  engine 

then  was  alwayi  s  large  amount  of  friction,  which  was  asoertaim 
by  subtracting  th<  brake  norse-pow*  r  from  the  indicafc  d  boi 
and  the  gland  friction  would  tin.  with  th<  otl 

•  •   .      I    ■  I  for  the  blockfl  round  th«  braki 

whei  1  I       bydrauli 
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(Professor  Hole-Shaw.) 

brake  (page  405)  he  regarded  as  a  beautiful  contrivance,  but  it  was 
expensive,  and  be  had  thought  at  first  that  the  brake  now  adopted 
would  be  cheaper.  The  open  gutter  of  water  in  the  rim  of  the 
brake  wheel  (page  406)  had  been  tried;  and  although  it  did  illustrate 
the  principles  of  centrifugal  force  and  of  gravity,  it  was  objectionable 
to  have  the  floor  and  neighbouring  machines  splashed  with  water 
whenever  the  brake  wheel  was^  stopped ;  moreover  as  previously 
mentioned  water  on  the  surface  of  the  brake  blocks  had  been  found 
to  be  decidedly  objectionable.  That  was  why  it  had  been  found 
necessary  to  close  the  rim. 

For  testing  the  economy  of  the  boiler  (page  404)  apart  from  the 
engine  there  was  no  special  means  at  present,  other  than  with 
ordinary  experimental  engines.  Any  desired  alteration  could  be 
made  in  the  bridge  or  in  the  length  of  the  fire-grate  (page  413). 

The  heating  effect  of  the  circulating  pipe  was  proved  not  merely 
by  the  thermometer  readings,  but  by  holding  the  hand  against  the 
end  plate  of  the  boiler  at  the  bottom.  In  the  absence  of  the 
circulator,  this  could  be  done  for  a  long  time  after  the  fire  had  been 
lighted;  but  since  the  addition  of  the  circulator,  the  end  plate 
1>»  f-ame  too  hot  to  do  so  after  the  boiler  had  been  at  work  for  a 
I  omparatively  short  time.  The  circulating  pipe  was  of  iron  inside 
the  boiler,  and  of  copper  outside. 

The    autographic    recorder   of    the    testing    machine    recorded 

automatically  the   motion    of  the  jockey  weight  (page  412) ;    and 

although  this  might  not  be  done  with  absolute  perfection,  it  was  done 

of  :ucuracy  far  in  excess  of  any  possible  error  from  this 

rhiefa  could  be  detected  on  the  autographic  record.     There  whs 

imple  practical  way  of  controlling  the  speed  of  travel  of  the 
jockey  freight  by  means  of  the  hand-wheel  IT,  Fig.  20,  Plate  88  ; 
the  pressure  of  the  hand  on  the  rim  of  the  wheel  acted  as  a  brake 
for  retarding  the  travel ;  or  the  speed  could  be  increased  by  pushing 
the  driving  strap  farther  upon  its  pulley.  At  the  same  time  there 
v. i  also  means  <>i'  adjusting  the  speed  of  the  ram  straining  tin; 
By   fchi  e    two   methods    in    combination   tin;  speed   of 

l  omen    OOUld    1"    regulated    through    any    range    found 
dewirahle. 
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The  President  was  sure  the  Members  would  all  agree  with  him 
in  presenting  a  vote  of  thanks  to  Professor  Hele-Shaw  for  his  paper. 
A  large  number  of  engineering  laboratories  were  now  at  work,  and 
he  was  glad  that  it  was  so.  In  former  years  young  engineers  had 
had  few  opportunities  of  studying  except  under  the  hard  rule  of 
practice ;  and  future  engineers  were  to  be  congratulated  on  the 
facilities  for  study  now  placed  within  their  reach.  It  could  not  be 
expected  however  that  all  the  professors  who  undertook  to  teach  them 
would  agree  in  everythiug ;  if  they  did,  it  would  not  be  of  much 
advantage  in  the  way  of  progress.  Some  diversity  of  opinion  among 
them  would  certainly  do  no  harm  to  the  engineering  laboratories  of 
the  country. 


U8  July  1891. 


OX  THE  MECHANICAL  APPLIANCES 

EMPLOYED  IN  THE  CONSTRUCTION  OF  THE 

MANCHESTER  SHIP  CANAL. 


r.v  Mb.  B.  LEADER  WILLIAMS,  Engineer  in  Chief. 


Magnitude  of  Work. — The  Manchester  Ship  Canal,  Figs.  1  and  2, 
Plates  91  and  92,  is  the  largest  work  of  its  class  in  this  country ; 
and  the  Mechanical  Appliances  used  in  its  construction  have  been 
on  the  largest  possible  scale,  in  order  to  minimise  the  employment 
of  labour  and  to  hasten  the  completion  of  the  work.  The  number  of 
men  and  boys  employed  on  the  Canal  has  never  exceeded  17,000  ;  and 
About  200  horses  have  been  used.  As  the  excavation  amounts  to 
46 k  million  cubic  yards,  of  which  over  10  millions  are  sandstone  rock, 
it  is  clear  that  any  available  number  of  men  and  horses  would  bo 
insufficient  to  do  the  work  in  any  reasonable  time.  Ninety-seven 
steam  excavators  and  eight  steam  dredgers  of  large  power  have 
therefore  been  enrployed.  The  spoil  excavated  has  in  most  cases  had 
to  be  taken  several  miles  to  the  spoil  grounds,  the  position  of  which 
has  necessarily  been  selected  where  land  was  moderate  in  price. 
For  this  work  and  for  the  general  purposes  of  construction  173 
locomotives  and  G,300  trucks  and  wagons  have  been  used. 

UaUway. — A  railway  of  the  ordinary  4  ft.  8=V  ins.  gauge  has  been 

laid   along  the  whole  course  of  the  canal,  in  many  places  on  both 

-,  with  numerous  sidings.     These  lines,  with  those  laid  in  the 

I   of  the   canal   for  excavating  purposes,   amount    to    a    length  of 

niih  -  of  single  line.    Flat-bottomed  steel  rails,  56  Lbs.  to  the 

1.    with   fish    joints,  are  laid  OD    ordinary  OXOSS    timber   sleep 
TheOOtl  WM  about    £680  pel  mile  of  single  line.      The  railway  and 

a  Larger  Boale  than  some  of  the  passenger  and 
lim     •'••  rked  in  this  country  or  on  the  continent 
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Rate  of  Excavation. — The  rate  of  excavation  has  varied  from 
f  million  to  1^  million  cubic  yards  per  month.  As  the  work 
proceeded  and  the  cuttings  became  deeper  and  the  inclines  steeper, 
and  as  the  sandstone  rock  required  blasting  before  the  excavators 
cculd  remove  it,  the  rate  of  excavation  in  the  bottom  of  the  canal  is 
slower.  The  wagons  are  hauled  out  of  the  bottom  of  the  cuttings  by 
locomotive  power,  the  gradients  adopted  being  generally  1  in  30. 
Steam  cranes  were  largely  used  in  rock  cuttings,  and  for  setting  the 
masonry.  There  are  employed  on  the  works  124  steam  cranes, 
192  portable  and  other  steam  engines,  and  212  steam  pumps  of 
various  sizes,  some  being  large  Cornish  pumps  that  had  been  brought 
from  the  Severn  tunnel  works.  The  large  plant  used  consumed 
about  10,000  tons  of  coal  per  month. 

Preparation. — As  soon  as  the  late  Mr.  T.  A.  Walker  had  got 
possession  of  the  land  as  the  contractor,  he  showed  great  energy  in 
commencing  to  erect  huts,  hospitals,  and  chapels  for  the  workmen ; 
and  much  honour  is  due  to  him  and  his  agents  and  engineers,  not 
only  for  the  way  in  which  the  work  has  been  pushed  forward,  but 
also  for  the  care  taken  for  the  comfort  and  welfare  of  the  men.  The 
greater  part  of  the  plant  was  specially  constructed  for  the  work ; 
the  remainder  was  principally  brought  from  Mr.  Walker's  contracts 
at  the  Severn  Tunnel,  and  Preston  and  Barry  Dock  works.  The 
total  cost  amounted  to  £943,610  ;  the  whole  plant,  huts  &c.  are  the 
property  of  the  Ship  Canal  Company. 

Excavators. — The  steam  excavators  are  of  several  types,  some 
being  land  dredgers  working  with  a  chain  of  buckets;  also  Huston 
and  Proctor's  steam  navvies,  and  Wilson's  and  Whitakers'  steam 
excavators,  which  all  work  a  single  large  bucket  ;  and  Priestman's 
and  other  grabs. 

Button  "ml  Proctor's  Steam  Navvy. — No  less  than  fifty-eight  of 
these  Bteam  navi  u  -  are  nsed,  being  the  largi  si  Dumber  i  ?er  employed 

cm  any  work.     The  machine,  shown  in  Figs,  •*!  to  5,  Plates  93  and  94, 
was  fully  described  in  Mr.  Boston's  paper  at  the  Lincoln  Meeting  of 
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this  Institution  in  1S85  (Proceedings,  page  349).  Since  then  the 
machinery  lias  been  improved  and  strengthened  ;  and  it  is  now  a  very 
perfect  excavator  for  almost  every  description  of  soil.  Its  power  in 
removing  hard  material  is  greater  than  that  of  any  other  machine  yet 
constructed;  soft  sandstone  rock  is  removed  by  it  without  blasting, 
powder  being  required  only  in  hard  rock.  The  buckets  for  sand 
<  vacation  on  the  canal  have  been  increased  in  size  to  hold  2J  cubic 
yards.  Figs.  4  and  5,  so  that  two  buckets  are  sufficient  to  fill  a  large 
earth  wagon  holding  4^  cubic  yards.  The  advantage  of  this 
excavator   being   self-propelled   is   considerable;    but   its  weight   is 

at.  and  on  very  soft  ground  it  requires  heavy  timbers  under  the 
rails.  It  should  be  put  to  work  if  possible  with  a  high  feed,  12  to 
15  feet,  depending  on  the  nature  of  the  soil;  and  it  will  clear  its 
own  road,  and  also  that  required  for  the  line  of  earth  wagons. 
The  cost  is  about  £1,200.  With  this  machine  about  2,000  cubic 
yards  have  been  excavated  in  one  day  of  ten  hours  in  good  material. 
A  fair  average  however  may  be  considered  to  be  600  to  700  cubic 
yards  per  day  of  ten  hours.  The  working  expenses  of  a  steam 
navvy,  including  wages,  may  be  put  at  about  30s.  per  day,  or  0  ■  55c?. 
per  cubic  yard  excavated.  Its  disadvantages  are  that  its  capability 
i-  limited  to  cutting  its  way  forwards  only;  and  that  its  great 
weight  has  sometimes  caused  its  disuse  on  the  canal  works,  where 
the  ground  has  been  very  soft ;  no  ordinary  system  of  rails 
and  sleepers  is  sufficient  to  carry  the  navvy  on  very  soft  ground. 
rl  he  fact  that  these  steam  navvies  can  work  in  hard  material  is  a 

at  advantage,  and  they  have  been  used  in  cuttings  where  no 
avating  machine  would  work. 

Wilson* i    Excavator. — The    Wilson    steam    excavator,    Fig.    G, 

J'l;  the  same  type  as  Ruston  and  Proctor's.     It  is  made 

by  the  firm  of  Messrs.  John  H.  Wilson  and  Co.,  of  Liverpool,  and 

<1    work    on     the    canal.      It    is    comparatively    light, 

and     ii     therefore    easily    moved;    it    can    perform     a    complete 

rotation    round    its    centre,  and    thus   can    work   either    way,  cut 

.-.     iln.--     slopes     .v.,    in    a    better    manner    than    the 

Ordinary     steam     navvy.       Its    average     work     may    be     taken     at 


JULY  1891.  MANCHESTER    SHIP    CANAL.  421 

600  cubic  yards  per  day  of  ten  hours ;  occasionally  it  lias 
largely  exceeded  this  quantity  when  working  in  favourable  soil. 
The  cost  is  about  £1,050 ;  and  the  working  expenses  may  be  taken  at 
about  25s.  per  day,  or  0  ■  50d.  per  cubic  yard  excavated. 

Whitahers1  Excavator. — Another  of  the  jib  and  bucket  type  of 
steam  excavator  used  on  the  works  is  constructed  by  Messrs. 
Whitaker  Brothers,  of  Horsforth  near  Leeds.  It  is  similar  in  most 
of  its  details  to  the  Wilson  excavator,  but  its  cost  does  not  exceed 
£800  ;  the  working  expenses  may  be  taken  at  25s.  per  day,  and  the 
average  work  done  at  400  cubic  yards  per  day  of  ten  hours,  or  0 '  75 J. 
per  cubic  yard  excavated. 

Grabs. — The  Priestman  grab  and  others  have  been  used 
principally  for  excavating  foundations  and  other  similar  work.  In 
suitable  soil  it  has  been  found  to  work  up  to  an  average  of  300 
cubic  yards  per  day  of  ten  hours.  The  difficulty  of  getting  this 
class  of  machine  to  enter  hard  or  dense  ground  militates  much 
against  its  use  on  large  works.  Its  special  advantage  consists  in  its 
working  under  water  from  a  higher  level. 

The  Wilson,  Whitaker,  and  Priestman  excavators  have  one 
great  advantage  over  others.  They  are  reasonably  light,  and  the 
steam  cranes  that  work  them  are  available  for  general  work  when 
the  buckets  or  grabs  are  removed. 

French  and  German  Land  Dredgers. — In  addition  to  the  foregoing 
machines,  four  excavators,  constructed  by  M<  Bars,  J.  Boulet  and  Co., 
of  Paris,  have  been  employed,  Figs.  7  and  8,  Plate  9G ;  and  three 
somewhat  similar  ones  made  at  Liibcck,  Fig.  13,  Plate  98.  On  the 
canal  works  the  three  latter  arc  known  us  the  "  German  "  and  the 
four  others  as  the  "  Frenchman  "  excavators.  These  Beven  mac-hints 
ure  of  the  bucket-ladder  kind  ;  tin ly  are  indeed  land  dredgi 
differing  from  the  floating  dn  In  the  fact  that  the  cutting  edgi 

of   the    buckets  when   in  the  act  of  cutting    is  always    towards    the 
machine,   tl  the   bucket  cuts   inwards;   whereas   in   the    fl 

dredger  the  cutting  edge  is  always  turned  away  from  the  machine 
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at  the  moment  of  cutting.     As  shown  in  Figs.  10  to  12,  and  14  to  17, 

the  backets  have  no  hottoin  to  them,  that  is,  the  side  next  to  the 
chains  is  left  open ;  and  when  passing  over  the  top  tumbler  they 
discharge  their  contents  upon  the  shoot  below,  as  shown  in 
Pig.  '.».  Plate  97. 

The  first  cost  of  the  "  Frenchman,"  Plate  96,  is  about  £2,400 ; 
and  under  favourable  circumstances  it  is  competent  to  remove  a  great 
amount  of  material.  The  best  day's  performances  on  the  different 
sections  of  the  canal  are  as  follows : — No.  3  section,  1,943  cubic  yards  ; 
No.  5  section,  1,624  ;  No.  7  section,  2,250  ;  No.  8  section,  2,025  cubic 
yards.  These  are  remarkable  figures ;  but  the  soil  and  other 
circumstances  must  be  suitable  in  order  to  afford  such  results.  The 
average  day's  work  on  all  the  districts  is  about  1,500  cubic  yards. 
If  440  wagons,  containing  1,650  cubic  yards,  were  filled  per  day  on 
No.  8  section  by  the  "  Frenchman,"  it  was  considered  a  fair  day's 
work.  A  bonus  of  a  penny  per  cubic  yard  was  paid  to  the  men  on 
everything  above  this  quantity.  For  the  excavation  of  this  quantity 
of  material  the  average  daily  expenses  of  the  machine  in  wages  of 
crew,  coal,  stores,  and  repairs,  the  last  item  being  heavy,  were  about 
60s.,  or  0  •  44d.  per  cubic  yard  excavated.  There  were  employed  upon 
the  excavator  an  engine-driver  and  a  stoker,  and  round  it  a  number 
of  men  varying  from  28  to  43,  the  average  number  being  35  ;  the 
roads  required  frequent  moving.  A  special  locomotive  is  required  in 
attendance  upon  the  excavator ;  for  though  it  is  traversed  by  its  own 
power  over  the  train  of  wagons  it  is  filling,  its  movement  is  not 
sufficiently  rapid.  The  wagons  are  also  kept  in  motion  in  the 
opposite  direction  by  the  attendant  locomotive. 

A   great  disadvantage  in  the  use  of  these  land  dredgers  is  their 

Pflsarily    great    weight,   amounting    to    at    least   80   tons;    they 

lequently  i  otail    a   heavy  and   expensive   road,  which   must   be 

maintained   it*  they  are  to  travel  at  all.     They  travel  on  steel  rails 

ireighing  80  Lbs.  p<  r  yard,  carried  by  cross  sleepers  spaced  about  two 

apart     When  the  ground  is  at  all  soft,  these,  cross  sleepers  are 

on   Longitudinals.     There  is  nevertheless  a  oonstanl 

danger  of  the  machine  upsetting  into  the  cutting,  as  lias  actually 

ha].!    .  ■  I  '  i  d  irorking  in  the  Light  marsh  days.    On 
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the  other  hand  there  is  a  decided  advantage  in  the  fact  that  the 
excavator  delivers  the  spoil  at  a  level  of  5  or  6  feet  above  the  surface 
of  the  ground,  instead  of  merely  at  that  height  above  the  bottom 
of  the  cutting,  thus  saving  time  and  power  in  haulage  up  inclines 
from  the  cuttings. 

It  is  only  in  certain  materials  and  under  special  conditions  that 
economical  work  can  be  got  out  of  this  excavator.  The  materials 
with  which  it  is  competent  to  deal  satisfactorily  are  sand,  loam,  gravel, 
or  other  light  soils.  In  rock  however  soft  it  will  not  work,  and  hard 
clays  it  cannot  touch  ;  boulders  or  imbedded  trunks  or  branches  of 
trees  are  also  found  to  be  insurmountable  obstacles.  It  requires  no 
turning  round  when  it  reaches  the  end  of  its  allotted  cutting ;  it  is 
only  necessary  to  slew  the  roads,  and  it  cuts  its  way  back  to  the 
starting  point.  It  is  just  as  well  that  this  is  so,  for  the  taking  down 
of  the  machine  and  its  re-erection  at  another  site,  even  though  only 
at  the  opposite  side  of  the  same  cutting,  is  an  operation  requiring  the 
aid  of  a  large  crane,  and  a  considerable  gang  of  men. 

German  Land  Dredger. — The  land  dredger  known  as  the 
"  German,"  Plate  98,  is  made  by  the  Liibecker  Maschinenbau- 
Gesellschaft,  Liibeck.  The  differences  between  the  German  and  the 
Frenchman  are  slight,  and  of  minor  importance,  except  in  one  or  two 
particulars.  One  point  of  advantage  in  the  German  is  the  wider  base 
given  to  the  machine,  enabling  the  wagons  to  pass  through  its  centre 
and  receive  their  load  by  means  of  a  hopper  above,  instead  of  passing 
at  the  back  and  being  loaded  through  a  shoot  as  in  the  Frenchman. 
The  wider  base  is  of  assistance  in  throwing  the  centre  of  gravity  farther 
from  the  edge  of  the  slope,  and  therefore  in  preserving  the  stability 
of  the  excavator.  As  a  matter  of  fact  the  author  is  not  aware  of 
any  instance  in  which  a  German  excavator  has  been  tipped  into  the 
cutting.  It>  traversing  power  is  sufficient  to  move  ahead  with  speed 
enough  to  fill  the  Bet  of  iragons  standing  underneath  it,  without  their 

baying  to  be  moved;  hence   the  attendant   locomotive  of  the  French 

ELvator   is   unnecessary.     The   1"  st   day's   performances  that  are 

trded    b    its    favour  are   as   follows: — No.    3    section,   2,073   cubic 

yards;  N  ,  I  -cction,  1,73G  ;  No.  5  section,  1,725;  and  No.  ion, 
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•J.  100  cubic  yards.  The  average  day's  work  is  1,416  cubic  yards, 
with  an  average  number  of  36  men.  The  average  daily  expenses 
of  the  machine  in  wages  of  crew,  coal,  stores,  and  repairs,  are 
about  60a,  or  0*50(7.  per  cubic  yard  excavated,  which  is  increased 
feo  1  •  60d  per  cubic  yard  by  the  wages  of  the  labourers  who  attend  on 
the  excavator.  The  machine  weighs  about  70  tons,  being  lighter 
than  the  Frenchman,  and  generally  less  substantially  built ;  its 
first  cost  is  the  same,  namely  about  £2,400.  In  other  respects  the 
observations  already  made  in  regard  to  the  Frenchman  apply 
equally  to  the  German. 

The  heavily  timbered  roads  required  for  working  the  German 
and  French  land-dredging  excavators  increase  the  cost  of  working ; 
and  as  the  first  cost  of  these  machines  is  heavy,  the  cost  of  excavation 
does  not  fall  much  below  the  rate  of  steam  navvies,  which  may  be 
taken  in  average  soils  to  be  2d.  per  cubic  yard,  while  that  of  the 
grabs  may  be  taken  at  3d.,  and  that  of  the  land-dredging  excavators 
at  IV /.  per  cubic  yard. 

One  peculiarity  of  the  excavation  has  been  the  employment  of  a 
large  number  of  side-tip  wagons,  capable  of  holding  4J  cubic  yards 
each. 

Summary  of  Results. — Summarising  the  results  of  experience  in 
the  working  of  land  dredgers  in  England,  it  may  be  said  that  in 
light  material  and  on  level  ground  they  will  fill  wagons  at  considerable 
speed  and  with  economy ;  and  where  large  excavations  of  soft  material 
have  to  be  made  with  rapidity,  the  bucket-dredging  system  gives  the 
cheapest  and  best  results.  But  they  will  not  excavate  heavy  or  strong 
material ;  they  are  difficult  and  expensive  to  maintain,  and  therefore 
cai  .  to  the  work  ;  they  require  a  costly  and  a  heavy  road,  and 

cautions  on  soft  ground  to  prevent  them  from  tilting  over 
into  the  cutting ;  and  they  are  expensive  to  move  from  one  cutting  to 
root] 

Floating  Dredgert.    The  Ship  Canal   Company  also  own  four 

team  (]j  The  "Manchester"  is  a  hopper  dredger, 

built    I  YV.   Simons   and  Co.,   of  Kenfrevv,  and  has  double 
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screws  at  each  end  of  the  vessel  so  that  it  can  steam  either  way,  thus 
avoiding  the  necessity  of  turning  in  the  canal.  It  can  dredge  800 
tons  per  hour  in  favourable  material.  The  "  Mersey  "  and  "  Irwell  " 
dredgers  were  built  by  Messrs.  Fleming  and  Ferguson,  of  Paisley,  in 
the  bed  of  the  canal  between  Manchester  and  Warrington.  They 
each  dredge  400  tons  per  hour  into  hopper  barges.  The  Barry 
dredger  also  delivers  into  hopper  barges.  There  are  also  working 
on  the  canal  four  other  large  dredgers  hired  from  Preston,  Ayr, 
Dumbarton,  and  the  Weaver  Navigation  ;  besides  smaller  dredgers, 
grabs,  &c,  worked  on  barges. 

Pile  Driving. — At  Ellesmere  Port  there  is  an  embankment  faced 
with  stone,  one  mile  long,  across  an  enlargement  of  the  estuary.  On 
each  side  of  the  foot  of  this  embankment  close  timber  piling  is 
driven,  consisting  of  pine  piles  13  to  14  inches  square  and  35  feet  long. 
Over  13,000  of  these  piles  have  been  driven  through  sand  without 
any  trouble,  by  the  use  of  the  water-jet  principle.  Four  steam-pumps 
were  used,  which  delivered  the  water  at  a  pressure  of  about  30  lbs. 
per  square  inch  through  2-inch  india-rubber  pipes  to  the  pile,  where 
it  was  attached  to  a  lL-inch  wrought-iron  pipe  which  was  put  down 
under  water-pressure  alongside  the  pile.  With  this  assistance  the 
steam  pile-engines  quickly  drove  the  pile,  which  without  the 
disturbance  caused  by  the  water-jets  in  the  sand  could  not  be  driven. 
Steam  pile-engines  are  employed  on  various  sections  of  the  work. 


Mr.  E.  Li:.M)i:i;  Williams  said  that  not  one  of  the  machines 
mentioned  in  the  paper  had  been  invented  by  himself,  and  he  had 
therefore  no  interest  in  advocating  one  more  than  another.  The  late 
Mr.  Walker,  with  his  great  experience  in  the  Severn  Tunnel  and 
many  other  large  works,  had  been  an  admirable  judge  of  the  b 
class  of  machinery  to  use  in  such  a  work  as  the  ship  canal ;  and  he 
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(Mr.  K.  Leader  Williams.) 

had  been  wise  enough  to  see  that,  Avith  such  a  variety  of  soil  and  so 
many  varying  circumstances,  the  employment  of  one  class  of  machine 
alone  was  hardly  the  right  method  to  adopt.  Therefore  while 
Ronton  and  Proctor's  well-known  steam  navvy  was  the  main  tool 
used,  of  which  as  many  as  fifty-eight  were  employed,  there  were  also 

:  cuttings  and  light  alluvial  soil  and  sand  to  be  dealt  with,  for 
which  Mr.  Walker's  energy  had  led  him  to  bring  into  use  the 
continental  machines  known  as  the  Lubecker  and  the  Frenchman. 
Both  of  these  were  land  dredgers.  The  Frenchman  discharged  the 
material  from  the  top  of  the  machine  to  the  line  of  railway  outside ; 
the  Lubecker  traversed  over  the  line  of  wagons  and  filled  them  as  it 
went  on.  Years  ago,  before  he  had  the  honour  of  being  elected  a 
Member  of  this  Institution,  he  little  thought  that  in  days  to  come  he 
should  have  to  depend  so  much  upon  mechanical  appliances  in 
carrying  out  a  great  work  like  the  ship  canal.  It  was  interesting  to 
him  as  a  civil  engineer  to  notice  how  in  the  very  commencement  of  any 
great  work  of  construction,  as  well  as  in  carrying  it  out  afterwards,  it 
was  necessary  to  have  recourse  so  largely  to  mechanical  engineering. 
The  ship  canal,  if  it  had  had  to  depend  upon  manual  labour,  would 
never  have  been  carried  out.  The  mere  loss  of  interest  on  capital 
during  construction  was  so  great,  that  everything  possible  had  to  be 
done  to  push  the  work  forward  in  the  most  rapid  manner.  The 
difficulties  encountered  were  the  very  things  which  it  was  the 
engineer's  triumph  to  surmount.  Upon  this  great  work  every  man 
who  had  offered  himself  had  been  employed ;  from  16,000  to  17,000 
fflfl  the  largest  number  ever  engaged,  but  more  could  have  been 
employed  if*  they  had  been  forthcoming.     Therefore  it  could  not  be 

1  in  tli.  that  the  employment  of  such  a  great  quantity  of 

machinery  had  in  any  way  interfered  with  labour :  in  fact,  but  for 
the  machinery,  there  would  have  been  no  employment  of  labour, 
because  the  work  could  not  have  been  carried  out  in  any  reasonable 
time. 

The     i'  i  1    the  author    had    had    a    great    deal    of 

nee  in  connection  with  the  late  Mr.  "Walker,  and  no  doubt  had 

taken  the  best  means  of  getting  so  large  an  amount  of  material 


July  1891.  MANCHESTER    SHIP    CANAL.  4*27 

removed  with  the  greatest  expedition  and  at  the  least  possible  cost. 
He  therefore  thought  it  would  hardly  be  necessary  to  discuss  the 
interesting  paper  now  read,  which  would  constitute  in  the  Institution 
Proceedings  a  valuable  record  of  the  difficulties  there  had  been  to 
contend  with  in  this  great  work  and  how  they  had  been  overcome. 
He  proposed  a  hearty  vote  of  thanks  to  Mr.  Leader  Williams  for  his 
paper,  which  would  enable  the  members  all  the  more  to  enjoy  the 
visit  they  were  about  to  make  to  the  canal  works  through  his  kind 
invitation. 


2  o  2 


July  1891. 

EXCURSIONS.* 

On  Tuesday  Afternoon,  28th  July,  two  alternative  Visits  were 
made. 

After  luncheon  at  the  Grand  Hotel  by  invitation  of  the  Local 

mmittee,  a  visit  was  made  by  special  free  train  to  the  Alexandra 

sin  Warehouse,  Bootle  (pages  372-385),  under  the  guidance  of 
3Ir.  John  Christie,  Manager.  Afterwards  by  special  free  omnibuses 
to  the  works  at  the  northern  terminus  of  the  Liverpool  Overhead 
Railway,  and  thence  along  the  route  of  the  railway  as  far  as  the 
erection  had  proceeded  to  near  the  Landing  Stage ;  under  the 
guidance  of  Mr.  James  H.  Greathead,  Joint  Engineer,  and  Mr. 
Ferdinand  Hudleston,  Contractor's  Engineer. 

The  White  Star  E.M.S.  "  Majestic  "  (pages  432-433),  belonging 
to  Messrs.  Ismay  Imrie  and  Co.,  and  ready  to  start  the  same  night 
on  her  voyage  to  New  York,  was  visited  under  the  guidance  of 
Mr.  W.  S.  Graves  and  Mr.  James  H.  Ismay. 

The  following  Works  in  Liverpool  were  opened  to  the  visit  of 
the  Members,  as  also  on  Wednesday  and  Thursday  afternoons. 
Descriptions  of  most  of  these  are  given  in  pages  442-464. 

Liverpool  Gas  "Works,  Linacro  Road,  Linacre ;  and  Spoffortk  Road,  Wavcrtrec. 
Liverpool  Electric  Supply  Works,  13-19  Highfield  Street. 
Liverpool  Hydraulic  Power  Works,  123  Athol  Street. 

A I   ma   Cope  Brothers  and  Co.,  Tobacco  Factory,  10-26  Lord  Nelson  Street. 
Dunbar's  Cask  Machinery,  Messrs.  W byte's  Cooperage  Works,  Watkinson  Street, 
Queen*!  Dock, 
re.  Earlei  and  King,  Liverpool  Oil  Mill,  05  Burlington  Street. 
et  Rice  Mills,  51  Bixteth  Street,  Tithebarn  Street. 
ad  J.  Evans  and  Co.,   Shipbuilding  Works,   Brunswick   Graving 

Dork. 

[•\'iwc<  ii  Preston  and  Co.,  Phcenix  Foundry,  17  York  Street. 
M  ii    nid  C.  Grayson,  Etegenl  Engine  Works,  I7(.»  Itegent  Road. 

Messrs.  John  Jones  and  Sons,  st.  Qeorge's  Iron  Works,  Cotton  Street. 
I  \  nil  Western    Railway  Goods  Stations,  Bankfield   Street  and 

I  ;  and  Gravitation  Sidings,  Edge  Hill. 

;  if:  ootid  d  of  the  rations  Works  &e.  visited  in  oonneotion 

illy  supplied  for  the  information  of  the  Members  by 
r  authorities. 
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Mersey  Forge,  89  Caryl  Street. 

Messrs.  Francis  Morton  and  Co.,  Hamilton  Iron  Works,  Garston. 

Messrs.  W.  H.  Potter  and  Sons,  Shipbuilding  Works,  Baffin  Street,  Queen's 

Dock. 
Messrs.  David   Rollo   and   Sons,  Fulton  Engine  Works  and  Foundry,  33-41 

Sandhills  Lane,  Sandon  Dock ;  and  10  Fulton  Street. 
Messrs.  Thomas  Hoyden  and  Sons,  Shipbuilding  Works,  Baffin  Street,  Queen's 

Dock. 
Messrs.  John  H.  Wilson  and  Co.,    Bankhall  Engine  Works,   43-47  Sandhills 

Lane,  Sandon  Dock. 
Messrs.  Clay  Inman  and  Co.,  Birkenhead  Forge,  Beaufort  Road,  Birkenhead. 
Messrs.  Clover  Clayton  and  Co.,  Shipbuilding  Works,  Woodside  Graving  Dock, 

Birkenhead. 
Messrs.  Cochran  and  Co.,  Engineering  Works,  54  Duke  Street,  Birkenhead. 
Messrs.  Lever  Brothers,  Soap  Manufactory,  Port  Sunlight,  near  Birkenhead. 
S.S.  u  Columbian,"  Leyland  Line,  Atlantic  Cattle  Steamer. 
Norton  Water  Tower,  Norton,  near  Runcorn. 

In  the  evening  the  Members  were  invited  by  his  Worship  the 
Mayor  of  Liverpool,  Joseph  B.  Morgan,  Esq.,  and  the  Mayoress, 
Miss  Morgan,  to  an  "  At  Home  "  in  the  Walker  Art  Gallery  and  the 
Liverpool  Free  Library  and  Museum. 


On  Wednesday  Afternoon,  29th  July,  after  luncheon  at  the 
Adelphi  Hotel  by  invitation  of  the  Local  Committee,  a  visit  was 
made  by  special  free  omnibuses  to  the  Walker  Engineering 
Laboratories,  University  College  (pages  386-417  and  433-436), 
under  the  guidance  of  Professor  H.  S.  Hele-Shaw  on  behalf  of  the 
Council  and  Senate  of  University  College. 

In  the  evening  the  Institution  Dinner  was  held  in  the  Adelphi 
Hotel,  and  was  largely  attended  by  the  Members  and  their  friends. 
The  President  occupied  the  chair ;  and  the  following  Guests  accepted 
the  invitations  sent  to  them,  though  BOme  were  unavoidably  prevented 
at  the  last  from  being  present. 

Reception    Committee,     U\<    Worship   fcbe   Mayor   of    Liverpool, 
Joseph  B.  Morgan,  Esq.,  Chairman.     ^Tr.  Thomas  B.  Boyden,  M.P., 
Vice-Chairman.      Mr.   Geo.    Beaton    Dagli&h,    Honorary    Treasm 
Mr.  Henry  II.  West,  11      rafjj  >    n  lory.     Mr.  John  A.  I\  Aspinal] ; 
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Mr.  h\  R.  IVvis  ;  Mr.  W.  S.  Graves,  J.P. ;  Mr.  Ferdinand  Hudleston  ; 
Alderman  John  Hughes,  J.P. ;  Mr.  R.  E.  Johnston;  Mr.  William 
Laird,  J.P. ;  Mr.  A.  G.  Lyster ;  Mr.  C.  A.  Rowlandson  ;  Mr.  Henry 
Shield  ;  Mr.  Edmund  Taylor,  J.P. ;  Mr.  J.  H.  T.  Turner. 

Authors  of  Papers. — Mr.  Alfred  Blechynden  ;    Professor  H.  S. 
Hele-Sluiw  ;  Mr.  Joseph  Parry  ;  Mr.  E.  Leader  Williams. 

Mr.  James  Abernethy,  F.R.S.E.,  Past-President  of  the  Institution 
of  Civil  Engineers  ;  Sir  James  J.  Allport,  Director  of  the  Midland 
Railway ;  Mr.  G.  J.  Armytage,  Chairman  of  the  Lancashire  and 
Yorkshire  Railway ;  Mr.  H.  P.  Boulnois,  City  Engineer  ;  Mr.  John 
Brancker,  J.P.,  Chairman  of  the  Mersey  Docks  and  Harbour  Board  ; 
Mr.  Henry  Brunner,  Chairman  of  the  Society  of  Chemical  Industry  ; 
Mr.  John  Christie,  Manager  of  the  Liverpool  Grain  Storage  and 
Transit  Company  ;  Mr.  Peter  Cowell,  Librarian  of  the  Free  Library  ; 
31  r.  George  F.  Deacon,  Engineer  of  the  Vyrnwy  Water  Works  ; 
Mr.  Charles  Dyall,  Curator  of  the  Walker  Art  Gallery ;  Professor 
J.  A.  Ewing,  F.R.S. ;  Mr.  Harry  Footner,  Assistant  Engineer  of  the 
London  and  North  Western  Railway;  Colonel  Foster,  D.L.,  J.P., 
High  Sheriff  of  Lancashire  ;  Mr.  John  Garnett ;  Mr.  J.  H.  Greathead, 
Joint  Engineer  of  the  Liverpool  Overhead  Railway ;  Mr.  T.  Harnett 
J  hirrisson,  President  of  the  Liverpool  Architectural  Society ;  Mr.  John 
Hartnup,  Astronomer  to  the  Mersey  Docks  and  Harbour  Board  ; 
Rer.  H.  H.  Higgins,  Chairman  of  the  Museum  Committee  ;  Mr.  Henry 
H.  Laird;  Mr.  John  M.  Laird;  Mr.  W.  H.  Le  Mesuricr,  Mersey 
Docks  and  Harbour  Board ;  Mr.  George  F.  Lyster,  Engineer-in- 
Chief  of  the  Mersey  Docks  and  Harbour  Board;  Mr.  Edward 
Mani-ty.  Manchester  Ship  Canal;  Mr.  David  Meldrum,  Manager  of 
the  Cheshire  Lines  Committee;  Mr.  Thomas  J.  Moore,  Curator  of 
the  Public  Museum;  Captain  Robert  E.  Pinhcy,  R.N.,  Manager  of 
the  Wood&ide  Ferry;  Sir  David  Eadcliffe,  J.P.,  Director  of  tho 
Lancashire  and  Yorkshire  Railway;  Mr.  T.  Mellard  Rcade, 
l.-.-J'n -hk-nt  of  the  Liverpool  Architectural  Society;  Mr.  Frank 
Ifl   Mitnager  of  tho  London  and   North    Western 

Lwayj  .Air.  .J.  I).  Rich,  Postmaster  of  Liverpool;  Mr.  G.  H. 
Robertson,  Resident  Director  of  the  National  Telephone  Company; 
Mr.  Shaw,  District  Passenger  Superintendent  of  the  London 
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and  North  Western  Railway ;  Mr.  Thomas  Shelmerdine,  Jun.,  City- 
Architect  and  Surveyor ;  Mr.  Marshall  Stevens,  General  Manager  of 
the  Manchester  Ship  Canal ;  Lieutenant  M.  A.  Sweny,  R.N.,  Marine 
Surveyor  of  the  Mersey  Conservancy ;  Mr.  A.  Norman  Tate, 
Ex-Chairman  of  the  Society  of  Chemical  Industry  ;  Mr.  Fletcher  T. 
Turton,  Deputy  Corporation  Surveyor ;  John  Vicars,  Esq.,  Mayor  of 
Bootle ;  Mr.  W.  Whittinghani,  Comptroller  of  the  Liverpool  Post 
Office ;  Mr.  John  C.  Windle,  District  Goods  Manager  of  the 
Lancashire  and  Yorkshire  Railway ;  Mr.  J.  T.  Wood,  President 
Elect  of  the  Liverpool  Engineering  Society. 

The  President  was  supported  by  the  following  Officers  of  the 
Institution: — Past-Presidents,  Mr.  Edward  H.  Carbutt,  Mr.  Charles 
Cochrane,  Mr.  Jeremiah  Head,  and  Mr.  Percy  G.  B.  Westmacott ; 
Vice-President,  Six  James  N.Douglass,  F.R.S. ;  Members  of  Council, 
Mr.  Benjamin  A.  Dobson,  Mr.  Samuel  W.  Johnson,  Mr.  William 
Laird,  Mr.  William  H.  Maw,  and  Mr.  J.  Hartley  Wicksteed. 

After  the  usual  loyal  toasts,  the  President  proposed  "  The  Mayor 
of  Liverpool,"  which  was  acknowledged  by  his  Worship,  Joseph  B. 
Morgan,  Es<p  The  toast  of  "  The  Town  and  Trade  of  Liverpool," 
proposed  by  Mr.  Charles  Cochrane,  Past-President,  was  acknowledged 
by  Mr.  John  Brancker,  J.P.,  Chairman  of  the  Mersey  Docks  and 
Harbour  Board.  Mr.  Edward  H.  Carbutt,  Past-President,  proposed 
the  toast  of  "The  Reception  Committee,"  which  was  acknowledged 
by  Mr.  Thomas  B.  Roy  den,  M.P.,  Vice-Chairman.  The  toast  of 
"  The  Honorary  Treasurer  and  the  Honorary  Secretary,"  proposed 
by  Mr.  Jeremiah  Head,  Past-Presideut,  was  acknowledged  by 
Mr.  Geo.  Heaton  Daglish  and  Mr.  Henry  H.  W'est.  Mr.  Henry 
Shield  proposed  the  final  toast  of  "The  President,"  by  whom  it  was 
acknowledged. 


On  Thubsdat,  30th  July,  two  alternative  Excursions  were  made 

By   special    free    train,    omnibuses,    stunner,    and    brakes,    one 

Excursion    was    made    to   the   Works   of    the    Mersey   Docks    and 

Harbour  Board  (pages  43G-440),  under  the  guidance  of  Mr.  Anthony 

George  Lyster,   Assistant    Engineer;    the  Mersey    Tunnel    Railway 
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(pages  -1-10— 112),  under  the  guidance  of  Mr.  C.  A.  Rowlandson, 
Resident  Engineer  and  Traffic  Manager ;  Messrs.  Laird  Brothers' 
Iron  Works  and  Boiler  Works  (pages  451-453),  under  the  guidance 
of  Messrs.  Laird  Brothers  ;  and  the  Inman  and  International  R.M.S. 
u  City  of  Paris "  (pages  454-455),  just  returned  from  an  Atlantic 
voyage.  The  Members  were  invited  by  the  Local  Committee  to 
luncheon  on  board  the  steamer  "  Claughton,"  during  a  trip  up  and 
down  the  Mersey  in  crossing  from  Liverpool  to  Birkenhead. 

By  special  free  train  another  Excursion  was  made  to  the  Horwicli 
Locomotive  Works  of  the  Lancashire  and  Yorkshire  Railway 
(pages  456-457),  under  the  guidance  of  Mr.  John  A.  F.  Aspinall, 
Chief  Mechanical  Engineer.  The  Members  were  joined  at  Horwich 
by  Mr.  John  Bamsbottom,  Past-President;  and  were  invited  to 
luncheon  by  the  Directors  of  the  Lancashire  and  Yorkshire  Railway. 


On  Friday,  31st  July,  an  Excursion  was  made  to  the  Manchester 
Ship  Canal  (pages  457-461),  under  the  guidance  of  Mr.  E.  Leader 
Williams,  Engineer  in  Chief,  starting  from  Pomona  Dock,  Manchester, 
in  a  special  train  of  open  trucks,  and  proceeding  along  the  route  of 
the  Canal  to  Weston  Point  beyond  Runcorn,  with  an  interval  for 
luncheon  at  Wilderspool,  near  Warrington. 


R.M.S.  "MAJESTIC." 

This  vessel  and  her  sister  ship  the  "Teutonic"  were  built  by 
Messrs.  ffarland  and  Wolff,  Belfast,  for  the  White  Star  Line,  of 
which  M  BSTS.  I -may,  [mrie  and  Co.,  are  the  managers.  These  are  the 
lorn  afloat.     Their  principal  dimensions  are: — length  over 

all  582  feet  ;   breadth  57.',  feet;  depth  39j  feet;  gross  tonnage  nearly 
10,000  tons.     They  are  huilt  <>i"  Siemens-Martin  steel,  and  propelled 
by  two  independent  sets  of  triple-expansion  engines  driving  twin- 
uith    mil.  s-bronze    blades,    and    developing    18,000 

horse- polfer.       Jn   each    set  oi*   engines    the    cylinders  are 
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43  inches,  68  inches,  and  110  inches  diameter,  with  5  feet  stroke. 
Both  engines  and  boilers  are  set  below  the  water-line,  like  those  of  a 
man-of-war,  for  enabling  the  vessel  to  act  as  an  armed  cruiser  in  time 
of  war.  The  two  sets  of  engines  are  separated  by  a  longitudinal 
bulkhead,  which  gives  additional  rigidity  and  strength  to  the 
vessel,  and  also  adds  to  her  safety ;  for,  being  fitted  with  twin  screws, 
in  the  event  of  the  disablement  of  one  set  of  engines,  the  other  set 
can  carry  her  to  her  destination.  The  "  Majestic  "  and  "  Teutonic  " 
have  only  three  masts,  instead  of  four  as  has  been  usual  in  the 
White  Star  steamers ;  the  masts  have  no  yards,  and  carry  only  fore 
and  aft  steadying  sails.  These  vessels  are  so  constructed  that  at  48 
hours'  notice  they  could  take  their  places  as  armed  cruisers  carrying 
twelve  36-pounder  breech-loading  guns ;  at  least  half  their  crews 
are  naval  reserve  men.  A  vessel  thus  armed,  and  steaming  twenty 
knots  an  hour,  would  be  most  valuable  as  a  convoy,  scout,  or 
blockade  runner  in  time  of  war.  The  "  Majestic  "  and  "  Teutonic  " 
made  ten  passages  to  and  from  New  York  during  1890,  averaging 
about  5  days  22  hours  either  way. 

The  White  Star  Line,  starting  with  the  "  Oceanic  "  in  1869,  now 
comprises  a  fleet  of  sixteen  vessels ;  and  with  the  "  Britannic  "  and 
"  Germanic "  in  1875  shortened  the  voyage  across  the  Atlantic  to 
less  than  eight  days,  as  against  the  ten  and  twelve  which  were 
then  the  rule.  The  "  Majestic "  recently  made  the  passage  from 
Queenstown  to  Sandy  Hook  off  New  York  in  5  days  18  hours 
8  minutes ;  and  she  in  turn  has  since  had  to  give  place  to  the 
"Teutonic,"  which  has  accomplished  the  passage  in  5  days  16  hours 
31  minutes. 


WALKER   ENGINEERING   LABORATORIES, 
UNIVERSITY  COLLEGE,  LIVERPOOL. 

The  main  building  ifl  three  storied,  built  in  terra-cotta  aud  grey 
brick,    of    which    the    rest    of    the    College    buildings    ftie     lning 
constructed.     The  new  infirmary,  as  well  as  the  chemical  Iftboratoi 
are  already  completed  ;  ami    the   new  library,  clock  tower,  and  other 
Portions  of  the  new  Arts  wing  ire  in  process  of  oonstractioiL     The 
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n  stibule  of  the  laboratories  is  reached  through  an  arch  of  terra-cotta 
work  of  Norman  character,  beyond  which  a  few  steps  lead  up  to  the 
main  entrance  of  the  hall,  separated  from  it  by  a  screen  of  folding 
(1  on.  The  hall  has  walls  decorated  with  faience  work,  and  a  floor 
payed   with  a  mosaic  pattern.     On  the  right  is  a  balcony  looking 

r  the  main  laboratory,  and  arranged  so  that  the  work  going  on 

may  be  seen  without  the  necessity  of  entering  the  laboratory  itself. 

asing  straight   onwards,  on   the  left  is  the   students'    cloak   and 

dressing    room,    round  which  runs    an   iron    gallery,    whereon   are 

lockers  for  coats  and  clothes  suitable  for  workshop  use. 

Descending  a  few  steps,  immediately  in  front  is  the  wood- 
working department,  separated  from  the  main  building  by  a 
lire-proof  floor  ;  to  the  right  is  a  side  door  into  the  main  laboratory 
and  workshop.  The  portion  devoted  to  laboratory  work  is  screened 
off  from  the  workshop.  In  the  laboratory  is  a  100-ton  Wicksteed 
testing  machine,  fitted  with  alternative  centres,  by  which  it  can  be 
converted  into  a  20-ton  machine.  The  details  of  this  machine  are 
described  in  Professor  Hele-Shaw's  paper  (pages  394-397).  Other 
-mailer  machines  for  testing  the  strength  of  materials,  the  properties 
of  lubricants  &c,  are  also  placed  here.  The  main  workshop  is  well 
stocked  with  tools.  At  the  end  is  the  dynamo  for  generating  the 
electric  current,  by  which  the  main  building  can  be  lighted.     In 

imon  with  all  the  machinery  in  the  place,  the  dynamo  is  driven  by 
a  vertical  engine  of  40  horse-power,  which  actuates  the  main  shafting 
that  runs  along  the  centre  of  the  laboratory ;  the  counter-shafting 
for  the  various  machines  is  on  either  side,  attached  to  the  main 
girders.  Above  is  a  travelling  crane,  running  from  one  end  of  the 
laboratory  to  the  other.  Near  the  vertical  engine  is  the  experimental 
marine  engine,  of  which  a  description  is  given  in  Professor  Hele- 
paper  (pages  ^HG-393).     Near  this  engine  is  a  large  lathe, 

baping  machine,  a  drilling  machine,  and  a  Worthington  pomp  for 
hydraali  iments. 

In  the  adjoining  boiler-house   is  a  ltobey  boiler  of  locomotive 
tyj  tpplying  steam  to  the  smaller  laboratory  engine;   and  a 

large  mari  rimental  boiler  for  the  larger  engine.   Also  one  of  the 

experimental  tank-  for  measuring  feed-water  Ac. ;  and  a  small  forgo 


JULY  1891.  WALKER  engineering  laboratories.  435 

and  anvil ;  and  a  furnace  for  melting  brass  and  iron  in  connection 
with  a  small  foundry.  Beneath  the  floor  are  the  coal  bunkers,  and 
the  three  furnaces  by  which  the  whole  building  is  heated  on  the 
high-pressure  hot-water  system  of  Messrs.  King  of  Liverpool. 

In  the  wood- working  room,  which  is  100  feet  in  length,  is  a 
range  of  carpenters'  benches,  and  along  the  wall  a  row  of  ten 
wood-working  lathes  driven  by  a  12  horse-power  gas-engine,  which 
also  actuates  a  general  joiner,  consisting  of  a  circular  saw  and 
wood-planing  and  moulding  machine.  There  are  also  other  wood- 
working tools,  such  as  a  band-saw  and  hand-planer,  and  an  emery 
grinding  machine ;  also  a  dynamo  by  which  the  carpenters'  shop 
is  lighted. 

The  museum  on  the  first  floor  is  reached  either  by  the  stone 
staircase  from  the  main  hall,  or  by  a  spiral  iron  staircase  from  the 
main  laboratory.  It  contains  already  some  cases,  although  at  present 
it  has  but  few  models  or  specimens.  It  is  hoped  it  will  become  of 
great  importance  as  an  educational  feature,  for  showing  not  only 
engineering  models,  but  also  specimens  illustrating  corrosion  and 
fracture,  and  wear  resulting  from  friction,  and  also  examples  of  the 
various  materials  used  in  engineering  construction.  Such  museums, 
although  occupying  an  important  place  in  similar  institutions  abroad, 
have  not  at  present  been  made  a  sufficiently  prominent  feature  of 
engineering  colleges  in  this  country. 

The  lecture  hall,  reached  from  the  museum,  has  been  well  fitted 
as  regards  arrangements  of  the  black-board  and  lecture  table  and 
lantern.  It  is  found  to  have  excellent  acoustic  properties,  and  there 
are  separate  desks  for  128  students. 

In  the  apparatus  room,  adjoining  the  lecture  hall,  models  for 
lectures  are  made.  Next  to  it  is  a  large  class  room.  Beyond 
is  the  professor's  private  room,  with  ante-room  forming  the 
assistant's  room.  The  passage  from  the  museum  leads  by  a 
staircase  up  to  a  mezzanine  floor,  from  which  the  appei  tier  of  seats 
in  the  lecture  hull  is  reached  ;  this  Hour  overlooks  the  museum 
from  a  balcony.  At  the  end  of  the  top  corridor  is  the  drawing  hall, 
occupying  the  whole  width  of  the  building,  and  well  lighted  on  the 
north,  east,  and  west;  the  artificial  lights  oonsiat  of  gas  pendants. 
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not  combined  with  electric  light  as  elsewhere.  Separate  electric 
lights  hang  from  the  roof  over  each  of  the  fifty  drawing  tables,  of 
which  each  student  has  one.  Adjoining  the  drawing  hall  is  the 
lecturers  room,  and  the  private  room  of  the  assistant  lecturer  on 
engineering ;  also  a  smaller  class  room  and  the  students'  common 
room.  Above  the  latter,  in  a  portion  of  the  roof,  is  constructed  a 
photographic  and  dark  room ;  also  a  room  lighted  by  a  skylight, 
where  copies  of  engineering  drawings  and  tracings  may  be  made. 


3IEESEY   DOCK   ESTATE. 

North  Dock  Works* — The  system  of  docks  comprising  the  Hornby, 
Alexandra,  and  Langton  Docks,  Plate  99,  connected  with  the 
river  by  the  Canada  Basin,  is  that  most  recently  constructed  for  the 
accommodation  of  the  largest  class  of  vessels,  and  is  now  used  by 
the  great  transatlantic  liners.  The  area  of  the  Alexandra  Dock, 
the  largest  of  the  group,  is  about  44  acres,  and  its  quayage 
4,000  lineal  yards.  The  quays  are  provided  with  sheds  for  the 
shelter  of  cargo ;  these  are  for  the  most  part  95  feet  wide,  in  one 
span.  On  the  north  quay  of  the  Langton  Dock  is  a  double-storey 
shed,  with  roof  cranes  of  the  kind  employed  at  the  Toxteth  Dock. 

The  Canada  Basin  and  the  approaches  thereto  are  kept  clear  of 
silt  by  an  elaborate  system  of  sluices  in  the  side  walls  and  floor  of  the 
I  tain,  and  in  the  base  of  the  north  and  south  jetties  at  its  entrance. 
Through  these,  large  volumes  of  water  are  allowed  to  flow  at  low 
water,  to  sluice  away  the  silt  deposited  from  the  highly  charged 
water  of  the  estuary,  which  tends  to  accumulate  rapidly  in  all  open 

ins.     The  largest  of  the  main  sluicing  culverts  is  13  feet  wide  by 

16  feet  high  ;  the  outlets  in  the  side  walls  are  4x4  feet  and  G  x  C 

onderfloox  pipes  are   8  feet  diameter,  and  the  upshoots 

:n    them    8    feet    diameter,   each    having    a    cover    to    assist   in 

distributing  the  water  around  it.     The  sills  are  laid  at  a  depth  of 

L2  feet  below  "Old  Dock  Sill"  datum,  giving  a  depth  of  water  of 

A    feet  OS    the   .-ill    at  high   water  of  ordinary  spring  tides.     The 

11  the  entrances  and  passages  are  of  greenheart  timber. 
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The  dock  gates,  bridges,  capstans,  sluice  machines,  &c,  are  worked 
by  hydraulic  power,  the  pressure  water  being  supplied  from  the 
centre  at  the  Langton  Graving  Docks,  Plate  99. 

Langton  Graving  Docks. — These  docks  are  two  in  number,  each 
950  feet  long,  and  having  a  pair  of  inner  gates  by  which  it  can  be 
divided  into  lengths  of  450  and  500  feet.  The  chambers  of  these 
docks  are  built  entirely  of  concrete ;  only  the  quoins  &c.  at  the 
entrances  are  of  dressed  stone.  In  many  cases  the  water  can  be  run 
off  from  these  docks  at  low  water ;  but  pumps  have  to  be  provided 
to  empty  them  on  unfavourable  tides,  and  also  to  clear  them  of 
leakage  on  all  tides.  The  wells,  two  in  number,  are  situated  in  the 
engine  house  between  the  entrances.  Each  well  has  a  turbine  pump 
for  dealing  with  the  bulk  of  the  water  which  cannot  be  run  off,  and 
a  set  of  chain  pumps  to  take  the  leakage.  These  are  driven  by  two 
horizontal  Corliss-valve  jet-condensing  steam-engines,  made  by 
Messrs.  Hick,  Hargreaves  and  Co.,  of  Bolton,  who  also  supplied  the 
turbine  pumps. 

Hydraulic  Power  Centre. — In  the  same  block  of  buildings  are 
situated  the  main  hydraulic  pumping  engines  supplying  pressure 
water  to  this  district  of  the  Dock  Estate  at  a  pressure  of  700  lbs.  per 
square  inch.  These  engines  are  horizontal  condensing  engines  of 
350  indicated  horse-power,  made  by  Sir  W.  G.  Armstrong  and  Co., 
who  also  supplied  most  of  the  hydraulic  machinery  for  this  section  of 
the  docks.  The  accumulator  at  the  east  end  of  the  building  is 
'21  inches  diameter  and  40  feet  stroke. 

XOO-Ton  Crane. — This  crane,  situated  on  the  south  side  of 
Langton  Branch  Dock,  lifts  the  weight  by  the  direct  action  of  an 
inverted  hydraulic  cylinder,  in  which  the  stroke  of  the  piston  is 
50  feet. 

30- Ton  Crane. — Situated  between  the  graving  docks,  this  crane 
has  fche  special  feature  that  it  is  capable  of  being  moved  along  the 
quay,  and  of  taking  up  a  position  to  serve  any  one  of  the  four  graying 
dock  (  li;uiibers.  Both  these  cranes  were  made  by  Sir  W.  G. 
Armstrong,  Mitchell  and  Co. 

Canada  and  Huskisson  Docks  Improvement  Works,-  Works  are 
now  in  hand  with  the  object  of  making  the  Canada  and  HnskisHCW 
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Docks  available  for  vessels  of  the  largest  class.  The  scheme  includes 
the  deepening  and  lengthening  of  the  Canada  100  feet  lock,  the 
improvement  of  the  west  quay  of  Canada  Dock,  the  construction  of  a 
new  branch  dock,  and  the  construction  of  a  new  deep-water  half-tide 
dock  on  the  site  of  Sandon  Basin  and  Wellington  half-tide  dock, 
which  will  serve  as  a  vestibule  to  the  altered  Canada-Huskisson 
system,  and  to  the  docks  lying  to  the  southward,  in  all  of  which 
water  for  vessels  of  the  deepest  draft  will  be  maintained  at  all  times. 
A  new  deep-water  graving  dock  will  also  be  constructed.  The 
excavation  of  the  branch  dock  and  formation  of  its  walls  in  concrete 
are  now  in  hand,  and  the  north  side  of  No.  2  Huskisson  Branch  Dock 
is  being  extended  230  feet  as  part  of  the  new  dam  between  the 
Huskisson  and  Canada  Docks,  through  which  a  passage  80  feet  wide 
will  be  formed.  The  existing  dam  and  passages  in  line  of  Battery 
Street  will  be  entirely  removed.  Work  is  now  also  being  carried 
forward  at  the  west  wall  of  Canada  Dock,  the  Canada  100  feet  lock, 
and  the  approaches  thereto  in  the  Canada  Basin,  Plate  99. 

Coburg  Pumping  Station. — This  installation  of  pumps  has  been 
provided  to  maintain  water  in  the  old  docks,  Plate  100,  from  Brunswick 
to  George's  inclusive,  80  acres  in  area,  at  such  a  level  as  will  allow 
of  their  use  by  vessels  of  deep  draft.  Without  this  aid  they  would 
Dot  be  available  on  neap  tides  for  any  but  light-draft  vessels,  as  the 
-ills  and  bottoms  of  the  docks  are  at  a  comparatively  high  level,  and 
as  in  the  approaches  to  their  entrances  the  Pluckington  Bank  rises  to 
about  the  level  of  the  present  sills,  which  forbids  their  being  lowered. 
The  Brunswick-George's  group  is  therefore  now  worked  as  an 
impounded  system,  approached  by  deep-draft  vessels  by  way  of  the 
Union  Dock  which  serves  as  a  lock,  and  of  the  chain  of  new 
southward  thereof,  whose  sills  are  laid  at  the  low  level  of 
12  feet  below  Old  Dock  sill.  Light-draft  vessels  however  can  enter 
as  heretofore  by  way  of  the  outer  docks,  Brunswick  half-tide  dock, 
Coburg  Dock,  Queen's  and  Canning  half-tide  docks,  and  can  be 
i  :ij,  to  t  1m;  level  of  the  inner  docks.  There  are  iit  this  station 
fcrifngftJ  pnmpfl  of  the  "  Invincible"  type,  made  by  Messrs. 
J.  and  EL  Gwynne.     Their  principal  dimensions  are  us  follows: — 

90    inches     diameter,    suction     and     delivery    pipes    54     inches 
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diameter,  pump  casing  16  J,  feet  diameter.  They  are  driven  by- 
vertical  inverted  compound  surface-condensing  direct-acting  engines 
arranged  tandem  fashion,  independent  of  each  other  and  having  the 
following  dimensions  : — high-pressure  cylinder  22  inches  diameter, 
low-pressure  40  inches  diameter,  stroke  30  inches,  revolutions  90  per 
minute.  Steam  is  supplied  at  100  lbs.  pressure  per  square  inch  from 
five  steel  Lancashire  boilers,  30  feet  long  and  7  feet  6  inches 
diameter.  The  pumps  have  delivered  about  1,200  tons  per  minute, 
or  400  tons  per  minute  each  pump,  and  are  fully  capable  of  doing 
the  work  required  of  them. 

Double-Storey  Shed,  Toxteth  Dock. — The  double-storey  sheds  have 
been  designed  to  allow  of  the  rapid  discharge  of  cargo  from  vessels, 
for  which  purpose  large  area  of  shed  floor  is  required  for  the 
sorting  &c.  of  cargo.  The  chief  dimensions  of  this  shed  are,  length 
1,360  feet,  width  95  feet  outside ;  it  is  divided  by  brick  walls  into 
five  compartments.  The  ground  floor  is  partly  paved  with  granite 
sets,  and  partly  asphalte  on  macadam.  The  upper  floor  is  on 
wrought-iron  main  girders  and  floor  beams,  covered  with  buckled 
plates  on  which  are  laid  tiles  set  in  cement.  This  floor  is  supported 
by  brick  side-walls  and  piers.  The  roof  is  of  light  wrought-iron, 
supported  on  wrought-iron  columns.  For  the  discharge  of  goods 
from  the  ships  to  the  upper  floor,  special  hydraulic  cranes  have  been 
designed  by  Mr.  Lyster.  They  can  each  lift  30  cwts.  with  a  radius 
of  35  feet,  and  are  arranged  to  travel  on  rails  laid  along  the  ridge 
and  eave  of  the  shed,  so  as  to  be  brought  into  position  to  suit  any 
hatch  of  a  shij).  In  order  to  allow  of  goods  being  discharged  at  any 
point,  the  dock  side  of  the  roof  is  carried  on  iron  columns,  and 
continuous  iron  doors  are  provided.  Hand  jiggers  are  placed  on  the 
road  side  of  the  upper  storey,  and  over  hatchways,  for  lowering  goods 
from  the  upper  floor  down  into  cart-. 

Petmlmm  Stores  at  Herculancum  Dock. — There  are  sixty  magazines 
capable  of  holding  in  all  about  00,000  barrels.  They  are  excavated 
in  the  dill's  on  the  east  and  south  quays  of  the  Herculancum  Dock, 
Plate  100,  and  are  separated  from  each  other  by  walls  of  solid  rock, 
and  are  provided  with  wrought-iron  doors.  The  Bills  of  the  doorways 
are  raised  to  a  height  of  4.\  feet  above  the  floor,  so  as  to  render  each 
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magazine  capable  of  containing  the  whole  contents  of  the  barrels  in 
bulk,  in  oase  any  accident  should  occur. 

On  the  land  to  the  south  of  Herculaneuni  Dock  four  petroleum 
tanks  have  recently  been  provided,  two  of  2,000  tons  each,  one  of 
2,500,  and  one  of  3,000  tons.  Each  tank  is  surrounded  by  a  concreto 
embankment,  forming  a  moat  capable  of  containing  the  whole 
contents  of  the  tank.  For  the  reception  of  the  oil,  the  tank  ship 
bringing  oil  for  any  of  these  tanks  is  berthed  on  the  west  side  of  the 
Herculaneuni  Branch  Dock,  and  by  her  pumps  discharges  her  liquid 
cargo  through  pipes  laid  underground  into  the  land  tanks,  the  bottom 
of  which  is  some  15  feet  above  the  level  of  the  dock  quay.  For 
delivery  of  oil,  pipes  are  laid  from  the  tanks  into  filling  houses  on  a 
terrace  lower  down  the  slope  of  the  land.  Here  the  barrels  are  filled 
by  gravitation,  and  loaded  upon  carts  or  wagons  direct  from  the  floor 
of  the  filling  house ;  or  bulk  wagons  standing  on  the  rails  may  be 
filled  direct  by  a  pipe  from  the  filling  house.  Empty  barrels  that 
are  to  be  filled  are  brought  to  the  dock  quay,  and  then  lifted  by  a 
barrel  elevator  worked  by  a  gas  engine.  From  the  top  of  the 
elevator  a  runway  laid  at  a  suitable  slope  leads  to  the  several  barrel 
yards,  into  which  the  barrels  are  delivered  for  cleaning,  coopering, 
glueing,  and  painting,  before  filling. 


MERSEY  TUNNEL  RAILWAY. 

This  railway  connects  Liverpool  with  Birkenhead  by  a  tunnel 
under  the  Mersey,  which  is  hero  1,320  yards  or  three-quarters 
of  a  mile  wide,  Plate  101.*  It  begins  at  the  Central  Station  of  the 
Cheshire  Lines  in  Liverpool,  and  is  constructed  almost  entirely  in 
tunnel,  lined  throughout  with  brick  in  cement,  and  laid  with  a 
double  line  of  steel  rails,  of  bull-head  section,  weighing  8G  lbs.  per 

i,  on  Bleepem  spaced  2  ft.  '.'>},  ins.  centre  to  centre.  Under  the 
river    the   tunnel  is    in    sandstone  rock,  with  a  cover  of  30  to  35  feet 

*  k  by  Mr.  ]■');.:       i     .  and  Mr.  W.  E.  Bioi  in  Hi'    Proceedings  of 

I    .  .  i.  i-,  roL  iwwi.  L886,  pa  ;et  40  7:>,  bom  irhich 

:i  mainly  di  rived  and  Plate  Jul  prepared. 
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between  the  river  bed  and  the  top  of  the  tunnel.  The  lowest  level 
is  145  feet  below  mean  high- water  mark,  and  the  gradient  on  the 
Liverpool  side  is  1  in  27  for  a  short  distance. 

The  tunnel  is  drained  by  a  heading  beneath  of  7  ft.  4  ins. 
diameter,  through  which  the  water  runs  into  two  pumping  shafts, 
one  on  each  side  of  the  river,  where  it  is  raised  170  feet.  On  the 
Liverpool  side  there  are  three  pumping  engines :  one  a  compound 
overhanging-beam  engine  of  200  horse-power,  with  double-acting 
cylinders  of  36  and  55  inches  diameter  and  10i  feet  and  13  feet 
stroke  respectively,  working  a  plunger  pump  of  40  inches  diameter 
and  15  feet  stroke ;  and  two  compound  horizontal  engines,  working 
two  pairs  of  double  lifting  or  bucket  pumps  of  20  and  30  inches 
diameter  and  6  and  10  feet  stroke  respectively,  in  balanced  sets  from 
quadrants.  One  of  the  horizontal  engines  has  cylinders  of  20  and 
35  inches  diameter  and  6  feet  stroke  ;  in  the  other  the  cylinders  are 
33  and  60  inches  diameter  with  10  feet  stroke  ;  both  are  fitted  with 
differential  valve-gear.  On  the  Birkenhead  side  there  are  two 
vertical  pumping  engines,  each  working  a  plunger  pump  of  40  inches 
diameter  and  15  feet  stroke  ;  and  one  horizontal  engine  working 
lifting  pumps  of  30  inches  diameter  and  8  feet  stroke. 

For  the  ventilation  of  the  tunnel  four  Guibal  fans  are  kept 
constantly  at  work ;  two  are  40  feet  diameter  and  12  feet  wide, 
and  two  are  30  feet  diameter  and  10  feet  wide  ;  one  of  each  size  is 
erected  at  Liverpool  and  one  at  Birkenhead.  The  larger  are  each 
driven  by  a  tandem  compound  condensing  engine  of  120  horse-power, 
having  cylinders  of  20  and  33  inches  diameter  and  2h  feet  stroke  ; 
and  there  is  a  stand-by  non-condensing  engine  with  single  cylinder 
of  33  inches  diameter  and  2.V  feet  stroke.  The  smaller  fans  are  each 
driven  by  a  similar  engine  with  cylinders  of  15  and  24  inches 
diameter  and  2  feet  stroke  ;  and  the  stand-by  engine  has  a  single 
cylinder  of  34  inches  diameter  and  2  feet  Btroke.  The  four  fans, 
running  at  about  45  revolutions  per  minute,  together  exhaust  about 
580,000  cubic  feet  of  air  per  minute,  equal  to  about  one-seventh  of 
the  total  capacity  of  the  tunnel.  They  exhaust  from 
heading  OX  drift  of  7  ft.  4  ins.  diameter,  running  alongside  the 
tunnel;  and  frequent  openingB  from  the   tunnel   into  the  fan   drift, 
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which  are  fitted  with  sliding  doors,  afford  the  means  of  distributing 
the  exhausting  action  as  desired.  Fresh  air  is  admitted  into  the 
tunnel  at  the  stations. 

On  each  side  of  the  river  three  hydraulic  lifts  are  provided  for 
~>engers  from  the  underground  stations  to  the  street  level ; 
the  height  of  lift  is  76h  feet  in  Liverpool,  and  87^  feet  in 
Birkenhead.  Each  lift  accommodates  one  hundred  passengers ; 
the  average  speed  is  120  feet  per  minute.  The  rams  are  composed 
of  steel  tubes  18  inches  outside  diameter,  screwed  together  in 
lengths  of  11 J  feet.  The  average  pressure  is  70  to  75  lbs.  per 
square  inch,  obtained  from  water  tanks  at  the  top  of  lofty  towers. 
The  tanks  are  kept  full  by  small  pumping  engines,  and  the  same 
water  is  used  over  and  over  again  continuously.  The  lifts  are 
balanced  to  the  extent  of  about  two-thirds  of  the  weight  of  their 
cages  and  rams.  The  cages  are  lighted  by  ordinary  gas,  supplied 
through  flexible  tubes. 

The  locomotives  in  working  order  weigh  nearly  68  tons,  having 
inside  cylinders  21  inches  diameter  by  26  inches  stroke,  and  six 
coupled  wheels  of  4  ft.  6  ins.  diameter,  and  a  four-wheeled  bogie, 
making  ten  wheels  in  all.  The  carriages  are  lighted  with  compressed 
oil-gas,  and  fitted  with  continuous  automatic  vacuum  brakes. 
About   300   trains   pass   through   the   tunnel   daily,    the   maximum 

vice  being  a  train  each  way  every  five  minutes. 

The  preliminary  works  were  begun  in  December  1879,  the  main 
works  in  August  1881,  and  the  traffic  commenced  in  February  1886. 
The  engineers  are  Sir  James  Brunlees  and  Sir  Douglas  Fox,  assisted 
by  31  r.  Francis  Fox. 


LIVERPOOL   ELECTRIC  SUPPLY  WORKS. 

Th'     Liverpool    Electric    Supply    Co.,    supplying    eleetric   light 
throe  portion  of  Liverpool,  has  three  central  stations,  of 

irhich  tl  is  situated,  with  the  offices  and  works,  ir 

Highfield  to  thi    Exchange  Station  of  the  Lancashire  and 

York  I  B         ay.     The  mode  of*  supply  is  by  low-tension  direct 
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current  at  a  pressure  of  110  volts.  Each  set  of  machinery  consists  of 
a  dynamo  driven  by  a  Willans  compound  engine  fixed  on  the  same 
bedplate,  and  is  capable  of  maintaining  1,500  incandescent  lamps  of 
sixteen  candle-power.  The  dynamos  are  all  arranged  to  run  in 
simple  parallel.  Steam  is  supplied  to  the  engines  by  double-flued 
or  Lancashire  boilers  28  feet  long  and  7^  feet  diameter.  During  the 
hours  of  least  demand  the  engines  are  stopped,  and  the  current  is 
supplied  from  accumulators.  The  cells  used  are  made  by  the 
Electric  Construction  Co.,  and  the  Crompton-Howell  Electrical 
Storage  Co.,  and  are  contained  in  boxes  4  feet  long,  12  inches  wide, 
and  13  inches  deep.  The  distributing  mains  are  laid  underground 
in  iron  troughs  filled  in  with  bitumen,  on  the  Callender  plan.  More 
than  twenty  miles  of  mains  have  already  been  laid ;  and  current  is 
now  being  supplied  for  13,000  incandescent  lamps  of  sixteen 
candle-power. 


LIVERPOOL  HYDRAULIC  POWER  WORKS. 

Between  fifteen  and  sixteen  miles  of  hydraulic  mains  are  at 
present  laid  in  Liverpool,  extending  from  Toxteth  Dock  at  the  south 
to  Bootle  at  the  north,  and  as  far  back  from  the  river  as  St.  Anne 
Street ;  and  extensions  are  being  made  as  required.  The  mains  in 
the  streets  vary  from  6  inches  internal  diameter  in  the  principal 
lines  to  2  inches  for  service  pipes  into  consumers'  i>remises.  They 
are  of  cast-iron  of  standard  sizes  with  strong  flanges,  the  joints 
being  bored  and  turned  and  made  with  a  gutta-percha  ring.  The 
mains  are  laid  in  circuit,  as  far  as  possible ;  and  there  are 
controlling  valves  at  about  every  400  yard-,  so  that  any  section  can 
be  isolated  for  repairs  or  extensions,  The  pumping  station  is 
situated    in    Athol    B  on    the    weal    bank   of   the    Leeds    and 

Liverpool    Canal.     The  water  fin  the  mains  was  at  firs!  drawn  iron i 
the   canal,  and  pass,  d  through   tanks  and  filters   provided   over    the 

engine  and  boiler  houses;  but  an  arrangement  has  an  n  oome 

to  with    the    Liverpool    corporation,  and  Water   from   their    mains   is 

now  used  which  obviate-  the  necessity  of  filtration, 

2  p  a 
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The  mains  arc  kept  charged  by  powerful  pumping  engines ; 
there  a iv  already  at  work  two  sets  of  Ellington's  triple  compound 
condensing  engines  of  200  indicated  horse-power  each,  made  by  the 
Hydraulic  Engineering  Co.,  of  Chester.  A  third  set  is  now  in 
course  of  construction,  and  provision  is  made  in  the  engine-room 
foundations  for  more  as  they  may  be  required.  Steam  is  supplied 
by  three  Lancashire  boilers,  30  feet  long,  and  7 J  feet  diameter,  fitted 
with  Vicars  mechanical  stokers,  which  are  driven,  along  with  a 
Green  economiser,  by  a  Brotherhood  three-cylinder  hydraulic  engine. 
The  pressure  is  maintained  in  the  mains  by  two  accumulators,  with 
rams  18  inches  diameter  and  20  feet  stroke,  loaded  to  a  pressure  of 
750  lbs.  per  square  inch. 

These  works  have  now  been  in  operation  for  three  years,  and  are 
-upplying  a  large  amount  of  hydraulic  power  for  various  purposes 
with  the  most  economical  and  satisfactory  results,  and  the  number 
of  consumers  is  constantly  increasing.  About  two  hundred 
machines  are  at  present  being  worked  from  the  high-pressure 
mains,  including  lifts  and  jigger  hoists  in  warehouses  for  the 
i  xpeditious  storage  and  delivery  of  goods,  passenger  lifts  in  hotels 
and  office  buildings,  presses,  motors,  &c.  The  cost  of  lifting  by  this 
power  is  in  some  cases  as  low  as  one  farthing  per  ton  lifted  fifty 
feet  high.     The  pressure  water  is  charged  for  on  a  sliding  scale,  and 

registered  by  meters  fixed  on  the  exhaust  pipes  of  the  machines, 
from  which  the  water  is  allowed  to  run  to  waste.  The  power  is 
available  day  and  night,  and  on  Sundays  if  required. 


MACHINE  COOPERAGE. 

This  cooperage,  belonging  to  Messrs.  John  G.  Whytc  and  Co., 
I     situated     in    Wat  Unison     Street,    Queen's    Dock,    is     employed 

Lusiyely   in    the   manufacture  of  palm-oil   casks    by  machinery 

supplied  by  Dunbar'e  C        Machinery  Co.,  Liverpool.     The  slaws 

taken  in  the  rough,  and  passed  successively  through  a  dresser, 

id  cud  cutters,  and  a  jointer.    The  cask  is  then  raised,  heated, 

•  d.   and    worked   off    ready   for    heads,   vrhicn   are  also   made 
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throughout  by  machinery.     The  special  feature  of  the  works  is  that 
the  whole  process  is  conducted  without  the  assistance  of  coopers. 


LIVERPOOL  OIL  MILL. 

This  mill,  belonging  to  Messrs.  Earles  and  King,  was  established 
in  Oil  Street  in  1804.     The  ground  then  occupied  being  required  for 
the  extension  of  the  London   and   North  Western  Railway   goods 
station,  the  present  mill  was  built  in  1872  at  G5  Burlington  Street, 
with    all   modern   improvements.      The  principal    industry   is   the 
crushing    of    linseed,    the    extraction    of    oil    therefrom,   and   the 
manufacture  of  linseed  cakes.      Seven  hundred  tons  of  linseed  can 
here  be  crushed  each  week,  producing  about  460  tons  of  cake  and 
240  tons  of  oil.     As  the  oil  is  used  chiefly  for  painting,  about  one 
third  of  the  quantity  made  is  boiled,  so  as  to  promote  its  drying 
qualities.     For  this  purpose  there  are  two  boiling  pans,  each  capable 
of  holding  eight  tons  of  oil ;  and  as  about  ten  hours  are  required  to 
complete  the  process  of  boiling,  fresh  lots  of  oil  can  be  boiled  day 
and  night.     For  the  pressing  of  the  seed  into  cake  there  are  twenty- 
eight  hydraulic  presses,  the  larger  of  which  can  exert  a  pressure  of 
400  tons.     The  seed  is  first  crushed  between  chilled-iron  rollers,  and 
then  heated,  or  cooked  in  steam  kettles,  after  which  it  is  placed 
between  woollen  wrappers  and  taken  to  the  hydraulic  presses.     Here 
the  greater  part  of  the  oil  is  extracted,  and  the  residue  is  the  cake. 
On  coming  out  of  the  presses  the  edges  of  the  cake  are  soft  and  oily, 
and  are  pared  off  by  mechanical  paring  tables  in   order  to  render 
the  cakes  firm  and  marketable.     They  are  then  cooled  in  racks,  after 
which  they  ar<    ready  fox  the  market.     A  compound  feeding  cake, 
used  largely,  and  with  great  advantage,  for  milch  cows,  is  also  made 
here  from  different  suitable  ingredients.     The  firm  have  their  own 
cooperage,  joiners'  and  pattern  shop  ;  fitting  shop,  where  they  make 
their  own  machinery;   and   saddlers'  shop,  where    their  own  belting 
is  made,  and  harness   for   the    horses.     The  underground  fireproof 
vaults  are  capable  of  holding  upwards  of  40,000  ba^-  of  linseed. 
The  mill  itself  is  also  fireproof,  being  arched  above  and  below. 
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EDMUND   STREET   RICE  MILLS. 

These  are  the  oldest  rice  mills  in  England,  having  being  erected 

r  ■  hundred  years  ago  for  the  manufacture  of  Carolina  rice.     After 

the  American  war  the  Carolina  supply  ceased,  and  was  replaced  by 

Burma  and  India  rice,  with  increased  trade.     These  mills  can  treat 

about  800   tons  of  rice  and  grind  180  tons  of  rice  flour  per  week. 

The  flour  machinery,  which  requires  about  120  horse-power  to  drive 

it.  is  driven  through  a  friction  clutch  so  that  it  can  be  thrown  in  or 

out  of  gear  while  the  engine  is  running.     The  engine  is  horizontal 

tandem  compound,  indicating  450  horse-power,  and  drives  the  mill 

from  a  fly-wheel  20  feet  diameter  by  means  of  sixteen  cotton  ropes. 

Steam  is  supplied  at  a  pressure  of  100  lbs.  per  square  inch  from  three 

boilers,  all  fitted  with  Bennis  mechanical  stokers,  which  effect  great 

economy   in    fuel   and   are   successful   in   preventing   smoke.      Mr. 

Frederick  Dresser's  cement  for  artificial  mill-stones  can  be  seen  in 

preparation  and  at  work.     During  recent  years  large  rice-cleaning 

mills  have  been  erected  in  Burma  and  India,  and  the  cleaning  of  rice 

in    England  is   rapidly   becoming   extinct,  as   it  can  now  be  done 

cheaper  abroad.     These  mills  will  soon  be  closed  and  reconstructed 

for  other  business. 


SHIPBUILDING  WORKS,  BRUNSWICK  GRAVING  DOCK. 

These  works,  belonging  to  Messrs.  R.  and  J.  Evans  and  Co.,  are 
Lated    at    Brunswick    Graving   Dock;    and    the   machinery   and 

appliances    here    employed    are    such    as    are    generally   used    in 

iron-shipbuilding  yards. 


1MKENIX  FOUNDRY. 

Tl.  ring  works,  the  property  of  Messrs.  Fawcett,  Preston 

and  (  :  he  oldest  in  Liverpool,  haying  been  established  in  1775. 

ipi  1  merely  B  anal!  sjiuco  at  the  corner  of  York 

:.  1  J.  '  ni  tl:  iy  have  been  gradually  extended 
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from  time  to  time  until  they  now  occupy  the  entire  area  enclosed  by 
four  streets.  To  increase  their  capacity  for  turning  out  work  and 
to  economise  labour,  extensive  alterations  have  lately  been  made  in 
the  buildings  and  machinery  of  the  works  at  York  Street,  especially 
in  the  erecting  shops  and  iron  foundry. 

Mr.  Fawcett,  who  was  among  the  first  to  apply  steam  to  the 
propulsion  of  vessels,  built  the  engines  of  the  "  Etna,"  which  began 
to  ply  on  the  Mersey  in  1817 ;  and  in  1840  the  firm  made  the 
machinery  of  the  "  President,"  the  largest  Atlantic  steamer  built  up 
to  that  time.  Between  1817  and  1840  they  supplied  to  the  home 
and  foreign  governments,  and  to  the  leading  steamship  companies, 
over  170  sets  of  marine  engines  of  varying  powers,  up  to  540  horse- 
power nominal,  which  was  the  power  of  the  "President."  Hall's 
surface  condenser,  the  first  ever  applied  to  marine  engines,  was  here 
fitted  to  the  "  Windermere  "  in  1835. 

Since  the  beginning   of  this   century  the  firm   have  also  been 
makers  of  all  kinds  of  machinery  for  the  manufacture  of  sugar  from 
the  cane,  and  have  recently  introduced  many  improvements  in  the 
design  of  cane-crushing  mills,  multiple-effect  vacuum  apparatus  for 
evaporating   the  water   from  the  cane  juice,  and  stills  for  making 
rum  from  the  molasses ;  examples  of  each  can  be  seen  in  various 
stages  of  manufacture.     Their  system  of  niultiple-effect  evaporation 
lias  been  applied  successfully  to  the  economical  distillation  of  fresh 
water  from  sea-water  ;  and  in  188G  two  plants  were  made  by  them 
and  erected  at  Suakim  to  the  order  of  the  government,  for  the  supply 
of  drinking  water  to  the  English  troops,  each  plant  being  enable  of 
producing  about  48,000  gallons  per  day.     The  same  system  has  been 
largely  applied  to  the  evaporation  of  water  from  alkaline  and  other 
solutions;  and  several  sets  of  apparatus  for  the  recovery  of  soda  ash 
from  the  spent  liquors  used  in  paper  works  in  England  and  Ireland 
are  in  course  of  construction.      For  some   years   past  these  works 
have  also   been  noted    for  the  construction    of  machinery  for   the 
manufacture  of  [nitrate   of  soda;  and  several  of  the  best  appointed 
nitrate  works  in  Chill  are  fitted  with  machinery  wrhich  was  designed 
and  manufactured  here.     The  Cyclone  press  of  Mr.  James  Watson  is 
■  manufactured  hei  I  three  of  the  largest  pr  rer  made, 


41S  TH(ENIX   FOUNDRY.  July  1891. 

weighing  about  95  tons  each,  have  been  constructed  and  shipped 
this  year  to  India  and  China,  with  their  complete  sets  of  pumps  and 
engines,  for  pressing  jute,  cotton,  silk,  feathers,  &c.  One  of  these 
presses,  now  at  work  in  India,  of  which  a  working  model  can  be  seen 
in  action,  has  made  over  sixty  bales  an  hour.  A  plantation  press  on 
a  new  plan  is  also  in  course  of  construction.  The  manufacture  of 
m-boilers,  and  copper  work,  forming  an  important  branch  of  the 
business,  is  carried  on  at  the  Lightbody  Street  works,  which  are  of 
modern  construction,  and  are  fitted  with  powerful  tools  and  special 
appliances. 


ST.  GEORGE'S  IRON  WORKS. 

These  works  were  established  in   1850  for  the  manufacture  of 

locomotives,  and  stationary  and  marine  work ;  lately  there  have  been 

added  a  shipbuilding  yard  and  forge.     They  belong  to  Messrs.  John 

Jones  and  Sons,  who  are  the  only  firm  in  Liverpool  conducting  in 

their   own  premises   shipbuilding,  engineering,  forge,  and   foundry 

work.     In  1853  they  fitted  out  some  of  the  first  stern-wheel  steamers 

built  in  this  country,  shipped  them  in  parts  to  India,  and  there  put 

them  together  on  the  rivers,  as  well  as  light-draught  paddle  steamers. 

In   1857  the  "  Iron  Duke,"  a  large  paddle  steamer  of  the  City  of 

Dublin  Steam  Packet  Co.,  was  cut  in  two  and  lengthened  40  feet, 

being    t!      first  iron  steamer  lengthened  in  this  country;  she  was 

afterwards  fitted  with  new  boilers,  and  still  continues  to  perform  her 

work  in  the  most  satisfactory  manner.     In  1878  the  extremely  full 

modi  1:    I  shipa  for  cargo  purposes  were  here  introduced,  of  which  the 

J;'  the  pioneer  ;  this  lias  now  become  the  accepted  type  for 

During   the    last   few   years    steamers    of  every 

1      D  built  and  engined  by  this  firm;  and  a  large  scf 

of  tri-oompound  engines  are  now  being  completed  for  a  screw  steamer 

of  7,000  tons  burden,  the  boilers  of  which  weigh  70  tons  each  and 

1    for  a  working  pressure  of  180  lbs.  per  s<piaro  inrh. 

lao  been  applied  satisfactorily,  in  eases  where 

not  of*  primary  importance. 
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MERSEY  FORGE. 

These  works  were  established  in  1824  for  the  manufacture  of 
forgings  of  the  largest  size  then  required.  For  many  years  the 
hammers  were  of  the  belly-helve  description ;  but  these  have  now 
been  all  superseded  by  steam  hammers.  These  works  were  amongst 
the  first  to  lay  down  plant  for  the  manufacture  of  Bessemer  steel  and 
armour  plates ;  but  these  branches  not  proving  remunerative  were 
afterwards  abandoned  and  the  machinery  dismantled.  At  present 
they  are  engaged  exclusively  on  the  manufacture  and  finishing  of 
forgings  in  iron  and  Siemens  steel,  especially  crankshafts,  line  shafts, 
and  stern  and  rudder  franies  for  steamers  up  to  the  largest  class. 
Here  were  constructed  the  stern  frames  of  the  "  City  of  Rome," 
"  La  Champagne,"  and  "  La  Bourgogne,"  and  the  crankshafts  of  the 
"  Servia  "  and  "  Normandie." 

The  forge  comprises  one  12-ton,  four  7-ton,  one  5-ton,  and  several 
smaller  steam  hammers;  and  the  machine  shop  is  supplied  with 
lathes,  slotting  and  planing  machines,  of  the  largest  and  most 
powerful  description.  Here  is  made  a  special  brand  of  iron  prepared 
from  cold-blast  and  all-mine  pig-irons,  for  the  construction  of  forgings 
of  the  largest  size,  where  reliability  and  moderate  cost  are  desired. 
This  material  recommends  itself  for  crank  and  propeller  shafts  of 
ocean  steamers,  and  for  all  forgings  for  land  engines,  owing  to  its 

at  power  to  resist  torsional  strains;  specimens  2  feet  long  and  2 
square  inches  area  rarely  fracture  until  twisted  between  five  and  six 
complete  turns,  the  fracture  being  always  fibrous. 


HAMILTON    IRON  WORKS. 

These  works,  belonging  to  Messrs.  Francis  Morton  and  Co.. 
situated  on  the  Mersey  at  Garston  near  Liverpool,  and  cover  m 
than  ten  acres,  comprising  a  large  range  of  lofty  and  well  lighted 
buildings  for  the  manufacture  of  all  kinds  of  constructional  ironwork, 
with  private  dock  and   railway  siding   tcoommodatum.     Por  otoi 
forty  years   the   firm   ha-   been  engaged  in  the   manufacture  of  iron 
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roofing  and  fencing,  of  iron  and  steel  telegraph  poles,  of  which  large 
quantities  have  been  supplied  to  the  Indian  and  other  governments, 
and  of  iron  and  steel  girders.  The  whole  of  the  wrought-iron  main 
lers,  (">[  miles  in  length  and  about  5,000  tons  in  weight,  for  the 
Liverpool  Overhead  Railway  now  in  course  of  erection,  are  being 
made  here,  and  some  1,600  tons  of  castings;  also  the  steel  swing- 
bridge  for  carrying  this  railway  across  the  entrance  to  the  Stanley 
Dock  has  recently  been  completed  and  delivered. 


SHIPBUILDING  WORKS,  QUEEN'S  DOCK. 

These  works,  belonging  to  Messrs.  W.  H.  Potter  and  Sons,  are 
situated  in  Baffin  Street,  Queen's  Dock,  and  were  established  some 
thirty-five  years  ago.  Considering  the  small  space  they  occupy,  the 
large  amount  of  work  that  has  been  turned  out  since  they  were 
started  is  remarkable. 


FULTON  ENGINE   WORKS. 

These  works,  belonging  to   Messrs.  David   Rollo  and   Sons,  are 

employed  in  the  construction  of  marine  engines  and  boilers,  and  in 

the  repairing  of  engines,  boilers,  and  ships.     The   machine,  fitting, 

finishing,  and  erecting  shops  are  situated  in  Blackstone  and  Fulton 

;    and    the    boiler    and    pattern    shops,    coppersmiths'    and 

whitesmiths'  shops,  iron  and  brass  foundry,  forge  and  smithy,  are  at 

dhills,   and   are    lighted    by   electricity.      Among    the    special 

appliances  are  one  140-ton  hydraulic  riveting  machine  and  another 

of  40  tons  ;  a  machine  with  live  drilling  heads  for  drilling  boiler 

'        i    in  place  ;  a  machine  for  flanging  furnace  fronts,  and 

another   fox  drilling  them  ;    a   flanging  hammer,  and  three  drop- 

n  for  hot  stamped  work. 


July  1891.  451 

BANKHALL  ENGINE  WOEKS.     . 

These  works,  the  property  of  Messrs.  John  H.  Wilson  and  Co., 
are  situated  near  Sandon  Dock,  and  adjacent  to  the  Sandhills  Station 
of  the  Lancashire  and  Yorkshire  Railway.  They  are  employed  in 
the  manufacture  of  steam  winches  and  cranes,  steam-crane  excavators, 
and  concrete-mixing  machines,  which  have  been  extensively  used '  in 
the  construction  of  the  Manchester  Ship  Canal.  Alten-ton  steam- 
crane,  fitted  with  a  digging  bucket  having  a  capacity  of  1 J  cubic  yard, 
will  excavate  and  deliver  into  wagons  from  800  to  1,000  cubic  yards 
per  day  of  ten  hours,  according  to  the  nature  of  the  ground ;  it  will 
work  a  clear  22-foot  face,  and  drive  a  gullet  50  feet  wide.  It  has  no 
Limit  in  revolving,  and  therefore  does  not  require  any  trimming  of  the 
"bottom  sides  of  the  cutting  in  order  to  get  wagon  roadways  in.  The 
concrete-mixing  machines,  designed  by  Messrs.  Carey  and  Latham, 
are  made  in  various  sizes  capable  of  turning  out  from  10  to  70  cubic 
yards  of  concrete  per  hour.  They  both  measure  and  mix  the 
materials  mechanically,  and  do  their  work  effectively  and  rapidly. 


BIRKENHEAD  IRON  WORKS. 

These  works  belong  to  Messrs.  Laird  Brothers,  whose  firm  was 
founded  in  1824  by  William  Laird,  the  father  of  the  late  John 
Laird,  INI. P. ;  and  since  that  date  there  have  been  built  here, 
including  work  now  in  hand,  589  vessels,  having  an  aggregate 
tonnage  of  over  380,000  tons,  and  an  aggregate  of  over  352,000 
indicated  horse-power.  A  large  portion  of  this  work  lias  been 
done  for  the  British  and  foreign  and  colonial  governments.  Many 
famous    and    successful  of    the    mercantile    marine    have 

likewise  been  constructed  hex  .  ion  has  been  given  to 

the  design  and  construction  of  steamers  for  river  navigation,  some 
which  have   been    pioneers   in    opening   up    rivers    that   now    form 
important  channels  of  commerce;  among  tl  re  is  included 

the  ''John  Randolph,"  the  first  iron  Bteami  q  on  American 

waters.     Among  the  notable  ships  recently  turned  out  arc  the  twin- 
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screw  Atlantic  liner  " Columbia,"  built  for  the  Hamburg  American 
Steam  Packet  Co.,  one  of  the  fastest  and  most  successful  ships  in 
the  Atlantic  trade;  and  the  Chilian  torpedo  gun-boats,  "  Almirante 
Lynch  "  and  "Almirante  Condell,"  which  have  recently  distinguished 
themselves  in  several  naval  engagements  on  the  coast,  notably  that 
which  resulted  in  the  sinking  of  the  ironclad  "  Blanco  Encalada." 

Entering  the  works  from  the  office,  Plate  102,  the  model  room 
A  is  on  the  right ;  B  is  the  large  engine  shop,  with  a  variety  of  work ; 
and  at  C  are  shipbuilding  tools,  and  a  frame-bending  furnace. 

The  two  southernmost  slips  D  and  E  are  prepared  for  laying 
down  H.M.  ships  "  Onyx  "  and  "  Renard,"  twin-screw  torpedo  gun- 
boats, length  230  feet  by  27  feet  beam  and  14  J  feet  depth  ;  735  tons 
displacement,  and  3,500  I.H.P. 

At  F  in  No.  5    graving  dock  lies  H.M.  first-class  twin-screw 

battle   ship   "  Royal  Oak,"  length  375  feet  by  75   feet  beam  and 

Li    feet   depth;    displacement    14,300    tons;    power    13,000   I.H.P. 

:  ween  Nos.  4  and  5  docks  is  a  new  shop  fitted  up  with  shipbuilding 

machinery  specially  adapted  for  the  heavy  work  on  this  vessel. 

At  G  in  No.   4  graving  and  fitting  dock  lies,  nearly  ready  for 
.   the   "  Ibex,"  a  steel  twin-screw  fast  channel  steamer  for  the 
( ircat  Western  Railway,  2G5  by  32i  by  15^  feet,  4,000  I.H.P.,  speed 
L9£  knot<. 

In  the  engine  erecting  shop  H  are  in   course   of  erection   the 
engines   for  the  "  Royal  Oak,"   of  13,000  I.H.P. ;    also  twin-screw 
_ines  of  4,000  I.H.P.  for  s.s.  582,   and  screw  engines  of  3,000 
I.H.P.  for  8A  563. 

On  No.  2  slip  I  is  No.  584,  a  steel  twin-screw  passenger  steamer 
for    the    Brazilian  coasting   trade;    220  X  30  x  12    feet,    900  tons, 
I.H.P. 

No.  1  slip  K  is  No.  582,  a  twin-screw  mail  and  passenger 
Liner  for  the  Fleetwood  and  Belfast  service  of  the  Lancashire 
-  and  London  &  North  Western  Railways;  311J  X  36  X 

.  4,000  I.II.l'.     At  L  is  shipbuilding  machinery. 
M  u  No.  8  dock  under  a  permanent  roof,  in  which  is  building 
.  for   the   Atlantic  cattle  trade,  403  x  46J 
00  I.II.l*.     At  N  is  the  smithy. 
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At  the  north  end  of  the  works  are  the  steam  saw-mills  0,  and 
the  joiners'  shops  P  with  mould  loft,  &c. 

The  boiler  shop  is  situated  in  Beaufort  Road,  and  opposite 
is  Gilbrook  yard,  where  are  the  "  9  de  Julio  "  and  "  Independencia," 
river  ironclads  for  the  Argentine  government,  240  by  44  by  22  feet, 
carrying  two  24-centimetre  guns  in  barbettes,  four  4  ■  7  centimetre 
guns,  and  four  3-pounder  quick-firing  guns.  The  boiler  factory 
was  completed  in  September  1888,  and  has  already  turned  out  a 
large  number  of  boilers,  many  of  which  are  of  exceptional  size, 
some  of  the  largest  having  weighed  about  75  tons  each.  The 
ground  covered  by  buildings  is  nearly  6,000  square  yards.  The 
factory  consists  of  four  principal  spans,  parallel  to  one  another, 
the   largest   of   which   is   reserved   for    the    erecting   work ;    it   is 

feet  long  by  53  feet  wide  and  58  feet  high.  The  annexe  on  the 
east  is  the  shop  for  receiving  and  preparing  the  material  ready  for 
erecting.  Another  annexe  on  the  west  is  devoted  to  the  lighter 
work,  and  still  farther  to  the  west  is  the  smiths'  shop.  The  factory 
is  supplied  with  the  most  modern  machinery,  and  with  travelling 
cranes  driven  by  power ;  it  is  adapted  for  the  highest  and  largest 
class  of  high-pressure  marine  boilers.  The  offices  for  managers  and 
foremen  are  near  the  entrance,  and  over  these  are  a  large  drawing 
office  and  a  mould  loft. 


BIRKENHEAD   FORGE. 

These  works,  belonging  to  Messrs.  Clay,  Inman  and  Co.,  were 
erected  twenty-two  years  ago  for  the  manufacture  of  wrougl it-iron 
and  steel  forgings  of  the  largest  description,  including  stem-frames 
and  rudders.  They  are  situated  close  to  the  graving  dock  and  other 
docks  in  Birkenhead,  with  railway  communication  into  the  premises. 
The  furnaces  are  worked  throughout  on  the  Siemens  regenerative 

kern,  and  the  cram  -  by  hydraulic  power.  There  is  also  a  turning 
Bhop,  containing  powerful  latins  and  other  machinery. 
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R.M.S.   "  CITY  OF  PAEIS." 

This  vessel  and  her  sister  ship  the  "  City  of  New  York  "  are  the 
largest  passenger  steamers  iii  the  world.  They  were  built  by 
Messrs,  James  and  George  Thomson,  Clydebank,  for  the  Inman 
and    International    Steamship    Co.,  and   their   principal  dimensions 

: — length  on  water  line  525  feet ;  length  over  all  5G0  feet ; 
breadth  63^  feet;  depth  moulded  12  feet;  gross  tonnage  10,508  tons. 
They  are  built  of  Siemens-Martin  steel  from  the  works  of  the  Steel 
Company  of  Scotland  and  the  Mossend  Steel  Co. 

The  hulls  are  divided  by  transverse  bulkheads  into  fifteen  water- 
tight compartments,  including  three  for  boilers  and  two  for  machinery, 
the  latter  being  further  divided  in  each,  case  by  longitudinal 
bulkheads,  rendering  the  vessels  practically  unsinkable.  None  of 
the  compartments  exceed  35  feet  in  length,  and  the  quantity  of  water 
they  would  hold  would  be  1,250  tons  to  load  water-line,  or  2,250 
tons  to  upper  deck.  Even  were  two  or  three  compartments  filled, 
the  flotation  of  the  vessels  would  not  be  placed  in  danger,  and  their 
buoyancy  could  easily  be  trimmed.  The  vessels  have  double  bottoms, 
the  inner  one  being  over  four  feet  above  the  outer  ;  and  have  special 
rudders,  formed  so  as  to  be  a  continuation  of  the  lines  of  the  vessels 
below  the  water  line.  The  rudder  was  designed  primarily  for  use  in 
warships ;   and  these  vessels    have  been  specially  retained  by  the 

l  (  rnment  as  armed  cruisers  in  the  event  of  war.     They  are  driven 

twin  screws  worked  by  separate  sets  of  machinery,  and  are  the  first 
high-speed  Atlantic  liners  so  propelled.  The  engines  are  placed  in 
two  compartments  separated  by  a  longitudinal  water-tight  bulkhead  ; 
while  transverse  bulkheads  on  each  side  isolate  them  from  other 
parts  of  th<  There  are  two  sets  of  triple-expansion  engines. 

!i  witli  cylinders  of  45  inches,  71  inches,  and  113  inches  diameter, 
with  5  feet  stroke,  their  total  indicated  horse-power  being  18,000. 
Tb  nine  doubh  -ended  steel  boilers  with  six  furnaces  in  each  ; 

the   working  150  lbs.  per  square  inch,  and   the  total 

lieu:  50,040  square  feet. 

Tl.<   |  commodation  includes  handsome  dining  saloons. 

<;11  furnished  libra  ooking  rooms  for  first  and 
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second-class  passengers,  and  barber's  shops.  The  vessels  are  fitted 
throughout  with  electric  light,  and  possess  every  modern 
improvement  that  has  been  devised  for  the  safety  and  comfort  of 
passengers.  The  accommodation  for  steerage  passengers  is  also 
of  the  best  description.  The  "  City  of  Paris  "  made  the  passage 
n "i  stward  in  5  days  19  hours  18  minutes  in  August  1889  ;  and 
eastward  in  5  days  22  hours  50  minutes  in  December  1889 ;  which 
are  among  the  fastest  passages  ever  made. 


SUNLIGHT  SOAP  WORKS. 

These  works,  belonging  to  Messrs.  Lever  Brothers,  occupy  an 
area  of  52  acres  on  the  Bromborough  Pool,  opening  into  the 
Mersey  above  Birkenhead,  and  are  in  direct  communication  with 
the  Chester  and  Birkenhead  Railway.  The  main  buildings  cover  an 
area  of  nearly  four  acres,  and  comprise  the  following :  soapery, 
frame  room,  drying  room,  stamping  room,  offices,  dining  rooms, 
engine  house,  boiler  shed,  mechanics'  and  joiners'  shops,  electric- 
light  room,  box-making  rooms,  railway  shed  and  loading  stage. 
The  soapery  is  a  fire-proof  building  three  storeys  high,  and  is 
capable  of  turning  out  750  tons  of  soap  per  week.  At  one  angle  of 
this  building  a  tower  20  feet  square  and  90  feet  high  sujrports  a 
water  tank  for  supplying  water  to  the  sprinklers  for  extinguishing 
a  fire.  The  boiling  rooms  are  situated  on  the  top  floor  of  tin 
soapery,  where  there  are  placed  twenty-seven  boiling  pans,  each  witli 
a  cajxicity  of  GO  tons  of  liquid  soap.  The  fat  and  other  raw 
materials  arc  brought  to  the  works  in  casks,  in  which  they  are 
melted  by  a  steam  yt,  and  are  afterwards  pumped  up  into  the 
boiling  pans.  When  this  boiling  lias  completed  the  saponification 
or  proper  blending  of  the  alkalis  and  acids,  so  as  to  avoid  the 
pin  !'  free  or   on-neutralised  alkalis  in  the  soap,  which  usually 

apiee  at  L<  asl  ten  days,  the  ><>ap  is  allowed  to  stand  for  a  time,  in 
order  thai  any  slight  sediment  may  settle;  and  then  the  layer  of  clear 

;j)  remaining  above  is  run  oil'  through  wo  d<  d  sp  rats  into  fram 
when-  it  is  allowed   to  cool,  and   is  then    n  moved    for  cutting   into 
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Blabs  and  liars.  The  pieces  of  soap  arc  next  taken  to  the  stamping 
machines,  of  which  there  are  fifty,  some  worked  by  steam  and  some 
by  hand  :  here  they  are  stamped  into  lettered  tablets,  after  which 
they  are  wrapped  up  and  packed  into  card  boxes  and  wooden  cases 
for  transit. 

In  the  box-making  department  are  sawing,  printing,  nailing,  and 

other  machines  for  the  manufacture  of  boxes  and  cases.      The  wood 

for  the  cases  is  first  sawn  up,  then  printed,  and  lastly  passed  through 

the   nailing  machines  which   fasten  the  parts  of  the  case  together. 

There  are  sixteen  of  these  nailing  machines,  capable  of  turning  out 

together   over  8,000  cases   per  day.      From  350  to   400   girls   are 

employed  in  the   manufacture  of  card  boxes,  and  in  packing  the 

The   total  number   of  persons  employed   in  these  works  is 

r  a  thousand.     All  the  ingredients  used  in  the  manufacture  of  the 

p  are  analysed  in  the  laboratory  beforehand  ;   samples  are  also 

taken  during  the  process  of  manufacture  and  analysed ;  and  finally, 

portions  are  taken  from  each  batch  of  finished  soap  and  subjected 

to  a  third  examination,  to  ensure  no  deleterious  substances  remaining 

in  the  soap. 


LANCASHIRE   AND  YORKSHIRE   RAILWAY 
LOCOMOTIVE  WORKS,  HORWICH. 

These  works,  of  which  the  building  was  commenced  in  1886,  have 
D  erected  for  the  purpose  of  repairing  and  renewing  the  locomotive 
and  of  carrying  out  the  mechanical  engineering  work  of  the 
railway.  They  are  situated  between  the  Chorley  New  Road,  Horwich, 
and  If'  d  Mofll ;  and  are  about  one  mile  distant  in  an  easterly  direction 
from  Blackrod  Station  upon  the  main  line  between  Manchester  and 
Fleetwood.     Tlie  land  enclosed  for  the  works  comprises 86  acres,  and 

north-west  and  south-east,  Plate   103.    The  covered  area  of 

The}  comprise  offices,  general  stores  with 

..  boiler  shops,  smithy,  forge,  foundries,  tin  and  copper  shops, 

g  and  repairing  shops,  &c.     For  the  carriage  of 

:md  of  work,  to  the  several  shops,  five  miles 
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of  tramways  of  18-incli  gauge  have  been  laid  throughout  the  works, 
the  haulage  being  performed  by  small  locomotives.  The  cylinders 
are  5  inches  diameter  with  6  inches  stroke,  and  2  feet  3J  inches  centre 
to  centre.  The  wheels  are  16{  inches  diameter,  the  frames  7  feet  4^ 
inches  long,  and  the  extreme  width  of  the  engines  is  3  feet.  The 
boilers  are  of  steel,  2  feet  3  inches  outside  diameter,  2  feet  long 
between  tube  plates ;  and  work  at  a  pressure  of  170  lbs.  per  square 
inch.  The  tractive  power  of  the  engines  is  about  1,400  lbs.,  and  their 
weight  when  full  and  in  working  order  3*19  tons.  The  rolling 
stock  includes  locomotive-boiler  trolleys,  and  several  kinds  of  trucks, 
all  built  of  iron  throughout.  The  locomotive-boiler  trolley  consists 
of  a  pair  of  four-wheeled  bogies  connected  together  by  a  wrought- 
iron  bar,  and  fitted  with  special  arrangements  for  supporting  the 
boiler.  Some  of  the  trucks  have  flat  tops,  others  have  deep  sides, 
and  a  third  class  have  still  deeper  sides  and  are  mounted  as  tip 
trucks.     (Proceedings  1888,  pages  345-6.) 


MANCHESTER  SHIP  CANAL. 

The  total  length  of  the  canal  is  351  miles,  from  the  docks  in 
Manchester  down  to  the  entrance  locks  at  Eastham  on  the  tideway  of 
the  Mersey,  six  miles  above  Liverpool,  Plates  91  and  92.  The  total 
fall  of  water-level  is  60J  feet,  which  is  divided  among  four  sets  of 
locks.  The  first  set  of  locks  is  at  Mode  Wheel,  1^  miles  from  the 
terminus  of  the  Manchester  docks,  and  the  fall  here  is  13  feet ;  the 
second  is  at  Barton,  3^  miles  further,  with  15  feet  fall ;  the  third  is 
at  Irlam,  2  miles  below  Barton,  with  16  feet  fall ;  the  fourth  at 
Latchford,  71  miles  below  Irlam,  with  161  feet  fall.  This  upper 
portion  of  the  canal,  14 h  miles  from  Manchester  to  Latchford,  will  be 
filled  with  the  waters  of  the  Irwell,  Mersey,  and  other  rivers ;  it  will 
in  fact  be  a  canalised  river,  taking  the  place  of  the  Irwell  and  Mersey 
through  this  distance,  and  continuing  to  be,  as  these  rivers  are  at 
present,  the  main  drain  for  their  watersheds  in  Lancashire  and 
Cheshire.  Large  sluices  are  tin irefore  being  provided  at  each  set  of 
locks,  for  the   passage  Of  land  floodl  and  Mirplus  water.     Of  the   '21 

2   Q 
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miles  forming  the  lower  or  tidal  portion  of  the  canal  from  Latchford 
to  East  ham,  the  twelve  miles  from  Latchford  to  Runcorn  are  inland  ; 
the  remaining  nine  from  Runcorn  to  Eastham  follow  the  south- 
western shore  of  the  Mersey  estuary,  the  route  lying  mostly  inland, 
but  partly  on  the  foreshore  where  necessary  to  cross  sinuosities  in  the 
bank  for  obtaining  a  more  direct  course  for  navigation.  Throughout 
this  tidal  length  the  water-level  will  be  maintained  at  about  mean 
high-water  at  Eastham,  namely  14  ft.  2  ins.  above  the  Old  Dock  sill 
at  Liverpool. 

The  entrance  locks  at  Eastham  are  being  constructed  for 
admitting  vessels  at  almost  any  state  of  the  tide ;  their  lower  sills 
are  three  feet  deeper  than  the  entrance  channel,  which  is  being 
dredged  deep  enough  to  give  30  feet  at  high  water  of  neap  tides 
and  40  feet  on  spring  tides,  so  as  to  enable  large  vessels  to  navigate 
the  entrance  during  a  great  part  of  every  tide,  and  others  during 
almost  the  whole  time.  There  are  three  locks  alongside  of  one 
another,  the  largest  being  600  feet  long  by  80  feet  wide,  the  next 
350  by  50,  and  the  smallest  150  by  30.  There  are  also  two  sluices, 
each  20  feet  wide,  for  assisting  in  filling  the  canal ;  besides  which, 
on  all  tides  above  the  ordinary  level  of  the  water  in  the  canal,  all 
the  lock  gates  will  be  opened  as  soon  as  ever  the  tide  rises  to  that 
level,  and  will  be  kept  open  till  high  water.  Spring  tides  will  rise 
from  five  to  seven  feet  above  the  ordinary  water-level  in  the  canal. 

The  four  sets  of  locks  for  the  upper  reaches  of  the  canal  will 
each  consist  of  two :  a  larger  lock  600  feet  long  by  65  feet 
wide,  and  a  smaller  350  by  45.  The  minimum  depth  of  the  canal 
will  be  20  feet,  and  the  large  lock  sills  are  being  constructed  two 
feet  deeper,  in  view  of  future  deepening  of  the  canal  by  dredging. 
All  the  lock  gates  are  constructed  of  hard  Demerara  green-heart, 
which  hits  been  found  to  be  exceedingly  durable,  and  the  wooden 
gates  are  less  liable  to  damage  than  those  made  of  iron.  The  gates 
will  be  worked  by  hydraulic  power  at  each  lock,  the  engines  and 
machinery    being   constructed   by   Sir    W.    (*.    Armstrong,  Mitchell 

Oo. 

the  two  reaches  of  five  miles  from  Manchester  down  to 
BartOPj  the  canal  will  be  2.'J0  feet  wide  at  water-level  and  170  feet 
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at  bottom.  Throughout  the  rest  of  the  30^  miles  from  Barton  to 
Eastham,  the  width  at  water-level  will  average  172  feet,  with  a 
minimum  of  120  feet  at  bottom.  This  width  will  allow  of  large 
steamers  passing  each  other  at  any  part  of  the  canal.  At  the  several 
locks  it  is  widened  out  considerably,  and  will  admit  of  vessels 
turning  if  necessary.  At  manufacturing  works  built  on  the  sides  of 
the  canal  it  will  be  widened  out  so  as  to  allow  vessels  to  lie  alongside 
wharves  without  interfering  with  the  regular  traffic  up  and  down. 

On  the  nine  miles  length  along  the  foreshore  from  Runcorn  to 
Eastham,  embankments  have  had  to  be  formed ;  where  these  are  on 
sand,  close  piling  is  driven  at  the  foot  of  each  bank  ;  where  the 
foundation  is  rock  or  clay,  they  are  made  of  clay  hearting  protected 
by  heavy  stone- work.  They  are  generally  20  to  25  feet  wide  at  top, 
with  outside  slopes  of  1  h  to  1,  and  inside  slopes  of  1  to  1.  In  these 
embankments  will  be  constructed  three  weirs,  each  600  feet  long,  for 
allowing  the  tide  when  above  the  ordinary  water-level  to  flow  into 
and  out  of  the  lower  portion  of  the  canal.  In  the  embankment 
opposite  the  river  Weaver  are  ten  large  sluices,  each  30  feet  wide,  for 
allowing  the  Weaver  water  to  flow  out  of  the  canal,  and  also  for  tidal 
flow.  They  are  on  Mr.  Stoney's  plan,  working  on  a  movable  frame  of 
rollers ;  and  being  balanced  they  work  with  great  ease,  requiring 
only  slight  power  to  lift  them.  Similar  sluices  are  provided  for 
letting  off  flood  and  surplus  water  from  the  upper  reaches  of  the 
canal ;  there  will  be  four  alongside  the  locks  at  Mode  Wheel,  four 
at  Barton,  five  at  Irlam  ;  but  only  three  at  Latchford,  because  tho 
Mersey  flood  water  will  flow  down  the  river  channel  as  at  present 
from  the  point  where  the  canal  leaves  the  river  a  little  above 
Latchford. 

The  docks  at  Manchester  will  have  a  water  area  of  10-1  acres, 
and  a  quay  area  of  152  acres ;  and  the  length  of  the  quays  will  be 
5  1  miles.  At  Warrington  a  dock  is  proposed  with  a  water  area  of 
23  acres.  At  Partington  the  canal  is  widened  to  allow  steamers  to 
lie  on  cither  side.  The  Weaver  embankment  will  pen  the  water 
three  miles  up  that  river  to  Frodsham,  rendering  an  extensive  sheet 
of  water  available  for  vessels  of  any  size  after  it  has  been  dredged 
deep  enough.     The  large  dock  thus  formed  is  joined  to  the  Weaves 

2  q  2 
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navigation  by  a  lock  229  feet  long  and  42  feet  wide,  which  will 
idmit  the  Cheshire  salt  traffic  to  the  canal.  Large  locks  are  being 
built  in  the  embankments  at  Weston  Point  and  Runcorn,  for 
allowing  coasters  and  barges  to  enter  and  leave  the  canal  from  and 
to  the  docks  at  these  places.  The  shipping  at  Ellesmere  Port  will 
use  the  locks  at  Eastham.  At  Old  Randies,  above  Runcorn,  two 
sluices,  each  30  feet  wide,  will  enable  tidal  or  river  water  to  be  let 
into  or  out  of  the  canal. 

Where  railway  lines  cross  the  canal,  they  are  being  raised  by 
high-level  deviations  extending  1^  mile  on  each  side  of  the  canal,  so 
as  to  allow  a  minimum  headway  of  75  feet ;  the  full  navigable 
width  of  120  feet  has  also  been  maintained  under  the  bridges.  As 
the  railway  viaducts  are  mostly  on  the  skew,  the  clear  spans  of  their 
openings  vary  from  137  to  266  feet.  Between  Manchester  and  Runcorn 
are  two  high-level  road  bridges,  and  seven  swing  road  bridges ;  the 
latter  will  be  worked  by  hydraulic  power,  as  will  also  the  movable 
aqueduct  for  carrying  the  Bridgewater  canal  over  the  ship  canal. 
The  aqueduct  will  consist  of  a  long  iron  caisson,  turning  like  a 
swing  bridge  upon  a  central  pier,  with  an  opening  of  90  feet  width 
on  each  side.  The  water  will  be  retained  in  the  caisson  while 
swinging  round,  and  also  in  the  Bridgewater  canal,  by  swinging  gates 
at  each  end. 

The  ship  canal  passes  through  either  red  sandstone  rock  or  marl, 
overlain  by  alluvial  deposits  of  clay,  gravel,  sand,  or  loam.  The 
rock  is  used  for  pitching  the  slopes,  where  the  soil  is  soft  and 
requires  protection  from  the  wash  of  the  steamers.  The  gravel 
and  sand  are  used  for  concrete,  of  which  1^  million  cubic  yards  are 
[Hired.  Concrete  is  used  wherever  practicable  in  dock  and  lock 
walls.  The  copings  and  hollow  quoins  are  of  Cornish  granite;  hard 
sandstone  and  limestone  are  used  for  other  portions.  The  total 
■mount  of  brickwork,  which  is  all  faced  with  blue  bricks,  is  175,000 
cubic  yard.-,  requiring  nearly  70  million  bricks  ;   and  thcro  will  be 

1,000    Cubic   yards   of  masonry.       The  lower  portions  of  the  'lode 
I     Lock    walU    arc    formed   of   concrete,   which    is   protected  at  the 

!    by    granite    or    Limestone   fender    courses    projecting 

Cm  the  bee  of  the  wall.      Above  these  courses  the  concrete 
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walls  are  faced  with  brickwork.     In  the  upper  portions  of  the  clock 
walls  are  built  culverts  for  hydraulic  and  gas  mains. 

The  deepest  cutting  is  66  feet  deep,  for  a  short  distance  near 
Euncorn.  The  largest  cutting  averages  55  feet  depth  for  a  length  of 
1^  mile  near  Latchford.  The  slopes  of  the  cuttings  vary  between 
1  to  1  and  2  to  1,  except  in  the  rock  cuttings,  where  the  sides  are 
nearly  vertical.  The  total  amount  of  excavation  in  the  canal  and 
docks  amounts  to  about  46  million  cubic  yards,  of  which  10  million 
is  in  sandstone  rock.  The  spoil  is  used  for  filling  up  river  bends 
which  are  cut  off  by  the  canal,  and  for  raising  adjacent  low-lying 
lands.     (See  also  Mr.  E.  Leader  Williams'  paper,  pages  418-427.) 


LAKE   VYRNWY. 

Lake  Vyrnwy,  the  new  source  of  water-supply  for  Liverpool,  is 
situated  in  Montgomeryshire,  North  Wales,  10  to  15  miles  from 
Bala  station,  and  9J  to  14J  miles  from  Llanfyllin  station,  Plates 
104  and  105.  The  lake  has  been  formed  by  building  a  masonry  dam 
across  the  valley  of  the  river  Vyrnwy,  a  tributary  of  the  Severn,  near 
its  narrowest  part.  The  site  was  chosen  not  for  this  reason  alone,  but 
also  because  the  rock  beneath  the  alluvium  at  this  part  of  the  bottom 
of  the  valley  was  found  to  have  formed  in  past  ages  the  natural  bar  or 
dam  of  a  post-glacial  lake,  subsequently  filled  up  by  the  alluvial 
deposit  brought  down  by  the  streams  above.  A  trench  1,100  feet 
long,  120  feet  wide,  and  60  feet  below  the  alluvial  surface  at  the 
deepest  place,  was  made  right  across  the  valley  down  to  the  rock 
forming  the  ancient  natural  bar.  All  the  loose  silt,  gravel,  and 
boulders  were  removed,  and  the  sloping  rock  was  stepped  so  as  to 
form  a  secure  foundation  for  the  base  of  the  masonry  dam ;  and  the 
river  Vyrnwy,  which  flowed  through  the  valley,  was  diverted  and 
carried  over  the  excavation. 

When  the  lake  is  full  to  the  overflow,  the  surface  is  825  feet 
above  sea-level,  and  the  principal  dimensions  are : — superficial  area 
1,121  acres;  length  4;/  miles;  average  width  ^  mile;  maximum 
depth   84  feet;  capacity   13,1  :i~>   million  gallons.     The  area  of  the 
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present  gathering  ground  is  18,000  acres,  which  the  Corporation  have 
power  to  increase  to  23,200  acres  by  diverting  two  other  streams. 
It  is  estimated  that  the  rainfall  will  then  yield  an  average  daily 
supply  of  at  least  53  million  gallons,  of  which  40  million  gallons  will 
be  available  for  Liverpool  after  delivering  the  required  compensation 
water  to  the  river  below  the  dam.  The  length  of  the  road  round  the 
margin  of  the  lake  is  nearly  12  miles,  including  the  road  over 
the  dam. 

Masonry  Dam. — The  dimensions  of  the  dam  are  as  follows  : — total 
length  along  carriage  way  1,165  feet,  or  0*22  mile;  height  of 
parapet  above  bottom  of  foundation  161  feet ;  height  from  river-bed 
to  sill  of  overflow  84  feet ;  greatest  head  of  water  at  base  of  dam 
146  feet ;  greatest  thickness  at  base  120  feet ;  width  of  roadway 
between  parapets  19-8  feet;  batter  of  wall,  inside  1  horizontal  in 
7\  vertical,  outside  1  horizontal  in  1J  vertical ;  total  quantity  of 
masonry  260,975  cubic  yards,  or  510,000  tons.  The  dam  is  built  of 
hard  dark  grey  stone  commonly  known  as  "  clay  slate,"  from  the 
lower  silurian  formation,  obtained  from  a  quarry  situated  about 
1 1  mile  north,  up  the  valley  of  the  Cynon  stream.  The  masonry  is 
coarse  rubble ;  some  of  the  stones  weighed  as  much  as  10  tons,  and 
more  than  one-third  of  them  weighed  over  4  tons.  The  roadway 
over  the  dam  is  carried  on  thirty-one  elliptical  arches  of  24  feet  span. 
The  carriage  way  is  14  feet  above  the  top  of  the  dam,  which  itself 
forms  the  sill  of  the  overflow  from  the  lake  ;  the  surplus  water  flows 
tli rough  the  central  nineteen  arches  of  the  roadway,  and  down  the 
outer  slope  of  the  dam. 

(  ii>]»  itsation  Water. — The  daily  compensation  water  to  the  river 
if  discharged  through  an  18-inch  pipe  laid  in  an  outlet  tunnel  through 
the  dam  at  the  natural  ground-level.  A  continuous  daily  supply  of 
10  million  gallons  is  discharged  in  this  way.  Every  year  also,  at 
tunei  appointed  by  the  Severn  Commission,  1,280  million  gallons 
have  to  he  delivered  into  the  river  in  the  form  of  freshets,  each  of 

mill  ion  gallon-  per  day  tor  four  days  in  each  of  eight  months,  which 

discharged  through  a  80-inch  pipe  laid  alongside  the  18-inch  pipe. 
The  compensation  vrater  Lb  measured  in  a  building  Dear  the  discharge 

68.      The   '  Ee  Of  the   orifice  by  which  the  flow  is  measured 
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was  determined  by  a  permanent  gauging  basin,  which  may  be  used  at 
any  time. 

Vyrnicy  Tower. — The  entrance  to  the  Liverpool  aqueduct  is 
about  three-quarters  of  a  mile  from  the  dam,  and  in  50  feet  depth  of 
water.  The  tower  containing  it  stands  104  feet  above  the  surface  of 
the  lake,  and  is  approached  from  the  road  by  a  causeway  carried  on 
four  arches.  Its  internal  diameter  is  30 h  feet.  The  valves  by  which 
the  water  is  drawn  in  from  the  lake  are  of  novel  construction. 
Within  and  without  the  tower  are  two  standpipes  connected  at 
the  bottom  beneath  the  foundation  of  the  tower.  Each  length  of  pipe 
forming  either  standpipe  has  gun-metal  faces,  and  is  not  connected 
with  its  neighbours  above  or  below.  By  hydraulic  pressure  the  lengths 
above  any  joint  may  be  lifted.  The  water  flows  through  the  annular 
space,  and  may  thus  always  be  drawn  through  the  joint  nearest  to  the 
surface  of  the  outside  water,  and  discharged  through  that  nearest  to 
the  surface  of  the  inside  water.  By  this  means  the  best  water  is 
obtained,  and  the  water  about  the  strainers  is  not  disturbed.  Inside 
the  tower  the  water  is  strained  through  screens  of  fine  copper-wire 
gauze,  to  cleanse  it  from  impurities  held  in  suspension.  When  a 
screen  gets  clogged  it  is  raised  by  hydraulic  pressure,  and  automatically 
cleansed  in  a  thorough  manner  by  thin  vertical  revolving  sheets  of 
water  from  a  peculiarly  constructed  turbine.  An  automatic  signal-bell 
gives  notice  when  a  screen  gets  clogged.  The  hydraulic  machinery 
in  the  straining  tower  is  worked  by  pumps  driven  by  water  from 
■  small  r<  servoir  on  the  adjoining  hillside. 

Aqueduct. — The  distance  along  the  aqueduct  from  the  lake  to 
the  Town  Hall,  Liverpool,  is  76  miles.  It  consists  for  the  most  part 
of  cast-iron  socket-pipes  varying  from  39  to  421  inches  inside 
diameter,  and  from  1  to  2}  inches  thick.  The  pijies  are  made  in 
12-feet  Lengths,  and  are  jointed  with  had.  For  about  four  miles 
the  water  flows  through  three  tunnels;  and  in  some  specially 
important  places,  such  as  river  crossings,  through  mild-steel  pip 
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NORTON   WATER   TOWER. 

This  tower  carries  the  last  of  five  balancing  reservoirs  on  the 
aqueduct  between  Lake  Yyrnwy  and  the  old  Prescot  reservoirs,  eight 
miles  from  Liverpool.  It  is  situated  at  Norton,  near  Runcorn,  about 
17  miles  along  the  aqueduct  from  Liverpool,  Plate  104.     As  the 

•and  is  here  more  than  100  feet  below  the  hydraulic  gradient,  a 
tower  had  to  be  constructed  for  raising  the  tank  to  the  required  level. 
The  structure  is  of  Roman  Doric  design,  built  of  the  new  red 
sandstone  of  the  district ;  its  height  to  the  top  of  the  tank  is  113  feet, 
and  its  diameter  at  the  base  is  95  feet.  The  tank  is  supported 
without  girders  or  columns ;  cast-iron  bed-plates  resting  upon  the 
circular  cornice  of  the  masonry  support  by  means  of  a  hard  steel 
expansion-joint  a  hoop  of  riveted  steel  plates  of  the  same  diameter 
as  the  tower,  designed  to  resist  compression  towards  its  centre.  The 
bottom  of  the  tank  is  constructed  entirely  of  mild-steel  plates,  riveted 
together  in  the  form  of  a  segment  of  a  sphere  ;  the  vertical  sides  are 
of  cast-iron.  The  principle  is  that  of  an  inverted  dome  under  tension, 
and  no  internal  supports  are  required.  The  capacity  of  the  tank  is 
051,000  gallons  of  water. 
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MATERIALS   FOR   THE   STUDY   OF   STEEL 
AXD   OF   STEEL   GUNS. 


By  D.  CHERXOFF. 


Translated  by  Dr.  William  Ajtdsbsoh,  F.R.S.,  Vice-President; 
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[The  following  remarks,  made  by  the  author  in  the  discussion  on  23  Nov. 
1868  upon  his  paper  "On  the  Manufacture  of  Steel,  and  the  mode  of  "Working 
it,"  have  been  translated  from  the  Proceedings  of  the  Imperial  Russian 
Technical  Society,  having  been  accidentally  discovered  only  recently  by  the 
translator,  by  whom  the  loan  of  a  rare  copy  was  procured  with  some  difficulty.] 

Mr.  Chernoff  reviewed  the  principal  points  raised  in  his  paper 
"  On  the  Manufacture  of  Steel,  and  the  mode  of  Working  it " 
(Proceedings  Inst.  Mech.  E.  1880,  page  286),  and  expressed  his 
opinion  that  the  tenacity  of  the  same  piece  of  steel  varied  between 
very  wide  limits  depending  on  the  structure  of  the  specimen ;  and 
that,  if  it  were  desired  to  compare  two  samples  of  steel,  the 
comparison  should  be  made  only  when  it  was  certain  that  the  two 
specimens  were  in  the  same  condition  with  respect  to  internal  structure. 
The  more  a  crystalline  structure  predominated,  the  less  tough  would 
the  steel  be,  and  the  lower  would  be  its  quality.  In  addition,  he 
expressed  his  opinion  that  the  tenacity  of  a  piece  of  steel  of  given 
internal  structure  would  be  the  same,  by  whatever  means  that 
structure  was  obtained,  whether  by  forging  or  otherwise.  The 
greater  or  less  extent  to  which  crystals  are  developed  depends  apoo 
the  slower  or  quicker  rate  of  cooling  of  the  stool  from  a  temperature 
higher  than  that  at  which  it  changes  to  the  amorphous  structure; 
and  also  upon  the  greater  or  less  nearness  with  which  that  higher 
temperature  approaches  the  point  of  fusion. 
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In  support  of  these  conclusions,  Mr.  Chernoff  referred  to  the 
results  which  he  had  obtained  in  the  testing  of  various  samples  of 

1 :  and  he  submitted  two  additional  specimens  prepared  from  the 
same  piece  iJ  stool  in  the  following  manner.  A  round  bar,  3J  inches 
diameter  by  8  inches  long,  was  heated  uniformly  to  a  bright  red 
(orange)  heat,  and  was  then  reduced  by  forging  throughout  its  length 
to  1^  inch  diameter ;  the  forging  was  completed  while  the  steel  was 
still  at  a  light  red  heat,  and  the  bar  was  allowed  to  cool  gradually 
in  dry  sand.  When  cold  it  was  broken  in  two,  and  one  half  was 
treated  in  the  following  manner.  It  was  heated  to  a  temperature  a 
little  higher  than  b  on  ChernofFs  scale,  Fig.  1,  Plate  106  (see  also 
Proceedings  1880,  page  290) ;  in  this  scale  b  is  the  temperature 
below  which  if  steel  be  heated  it  does  not  change  its  structure  in 
cooling,  whether  cooled  slowly  or  quickly.  The  heated  piece  was 
then  at  once  plunged  into  water,  from  which  it  was  withdrawn  at  a 
dull  red  heat,  and  allowed  to  cool  in  dry  sand.  Specimens  were 
then  cut  from  each  half  of  the  original  bar,  and  tested  for  tensile 
r«  -i-tance. 

The  first  specimen,  from  the  forged  but  untreated  half,  was 
5  •  8  inches  long  by  0  •  8  inch  diameter ;  the  load  first  applied  was 
4,680  lbs.,  and  was  increased  by  twelve  increments  of  3,120  lbs. 
up  to  42,120  lbs.,  which  was  safely  carried ;  but  when  the  next 
increment  was  added,  the  specimen  broke,  having  stretched  uniformly 
throughout  its  length.  Assuming  that  the  load  of  42,120  lbs.  finally 
carried  without  breaking  indicated  the  ultimate  strength,  this  would 
amount  to  nearly  38  tons  per  square  inch,  with  an  elongation  of 
7*07  per  cent. ;  and  the  dynamic  resistance  of  a  cubic  inch  was  about 
1  •'■)  inch-tons. 

The  second  specimen,  takes  from   the  forged  and  treated  half  of 

the   bar,  was  6*3  inches  long  by  0*8  inch  diameter.      The  loading 

g    carried    out   in   the   same   way   as   with    the   first   specimen, 

720  11--.  were  Lifted  safely,  and  the  Bpecimen  broke  asunder  at  tho 

r  increment.     Just  before  fracture  a  contraction  took  placo  about 

the  middle  of  the  Length  of  the  specimen.    Supposing  that  57,720  lbs. 

wa  Itimate  strength,  this  is  equivalent  to  52  tons  per  squaro 

inch.    The  elongation  was  7*7  per  cent.,  and  therefore  the  dynamic 

•  r  cubic  inch  was  nearly  2  inch-tons. 
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On  the  strength  of  these  and  similar  investigations,  Mr.  Chernoff 
proposed  to  try,  on  a  4-pounder  gun,  the  principle  of  bringing  steel 
to  the  amorphous  condition  and  then  cooling  it  quickly  down  to  a 
certain  point,  hoping  by  this  means  to  increase  its  resisting  power ; 
and  thus  to  enable  a  lot  of  4-pounder  guns,  which  had  been  rejected 
for  insufficient  strength,  to  pass  proof  satisfactorily.  In  order  to  form 
an  estimate  of  the  probable  effect  of  this  treatment,  he  communicated 
the  results  of  some  former  experiments  with  the  4-pounder  guns. 

Muzzle-loading    guns    Nos.    24   and    44,    3*37   inches    calibre, 

7*85  inches   external   diameter,  steel   shot   about  12 J  lbs.  weight, 

windage  0  •  03  inch  : — 

Gun  No.  24.  Gun  No.  44.  Charge. 

2  rounds.  1  round.  1  •  35  lbs. 

1  5?  2       „  1*8      „ 

2  j,  1       j)  2*7      „ 
Gun  burst.  Gun  burst. 

As  it  was  thought  that  the  smallness  of  the  windage  was  the 

chief  cause  of  the  destructive  effect  of  a  2  •  7  lbs.  charge,  the  proof  of 

the  further   guns  was   made   with  cast-iron  shot   about   12*15  lbs. 

weight,  surrounded  with  zinc  bands,  3 '  2  inches  diameter. 

Gun  No.  28.     10  rounds,  1*35  lbs.  charge. 
5       „        1*8  „ 

5       „       2-25 
1       „        2*475         „  Gun  burst. 

Before  the  final  boring  out,  this  gun  had  been  hardened  by  means 

of  cold  water  inside  the  bore ;  but  in  the  hardening  no  attention  had 

been   paid   to   Mr.    ChemofTs   investigations,   and   to   the   essential 

principles  involved  in  the  process :  that  is,  the  temperature  b  had  not 

been   reached   in   the    heated   steel.     The   treatment    had   actually 

injured  the  material,  inasmuch  as  the  gun  did  not  withstand  even  the 

2*475  lbs.  charge  ;  and,  as  Mr.  Chernoff  supposes,  had  not  merely  left 

the  original  coarsely  crystalline  structure,  but  had  added  to  it  a  certain 

degree  of  hardening  which  still  further  reduced  the  tenacity. 


Gun  No.  135.     1 

round, 

1-35  Lbs. 

charge. 

1 

?i 

L-8 

» 

1 

55 

a  •  25 

») 

1 

•• 

2-47.", 

55 

L0 

)> 

2*7 

5» 

(inn  burst. 
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Gun  Xo.  138.     The  external  diameter,  was  made  1  inch  larger 
than  that  of  the  others : — 

1  round,    1-35  lbs.  charge. 

1       „        1-8 

1       „       2-25 

1       „       2-475 

6      „       2-7 
In  consequence  of  the  considerable  increase  in  the  diameter  of  the 
bote,  the  experiment  was  stopped. 


Gun  No.  142. 

1  round, 

1-35  lbs. 

charge 

1 

5) 

1-8 

33 

1 

5) 

2-25 

33 

1 

33 

2-475 

33 

2 

33 

2-7 

33 

1 

33 

1-8 

33 

2 

35 

2-25 

33 

1 

33 

2-7 

33 

The  experiment  was  stopped  on  account  of  the  enlargement  of  the 
bore  by  6  J  hundredths  of  an  inch. 


Gun  No.  139. 

1  round, 

1*35  lbs.  charge. 

1      „ 

1-8 

1      „ 

2-25        „ 

1           3, 

2-475      „ 

6      „ 

2-7          „            Gun  burst. 

Gun  No.  56  before  finishing  was  annealed  and  hardened  : — 

1  round,    1*35  lbs.  charge. 

1      „  1-8 

1      „  2-25        „  Gun  burst. 

The   fractured   surfaces    showed   that    the   temperature   b   had   not 

been  reached ;  while  the  boring  out  proved  that  the  temperature  a 

had  been  exceeded,  as  it  had  been  in  gun  No.  28,  because  the  material 

had  hardened.     The  tenrperature  a  on  Chernoffs  scale  is  below  b, 

and  if  moifa  that  steel,  however  hard  it  may  be,  will  not  harden  if 

heated  to  a  temperature  lower  than  a,  however  quickly  it  is  cooled, 

I     .  l,  Plate  IOC. 

Gun   Xo.   0.      The   breed]    had  been  strengthened  by  means  of 
three  fteel  hoope,  shrunk  on  with  a  shrinkage  of  0'03  inch  : — 
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2  rounds,  1*35  lbs.  charge. 

2      „        1-8 

1       ,,       2-25 

1       „       2-475       „ 

6       „       2-7 

Further    proof   was    stopped    because    the    bore    had    enlarged   by 

6  hundredths  of  an  inch,  and  the  first  ring  from  the  breech  end  had 

cracked  and  opened  l-8th  inch. 


Guns  Xos.  18  and  21  were  handed  over  to  Mr.  Chernoff  to  treat  as 
he  pleased.  They  were  heated  to  a  tenrperature  rather  higher  than 
b,  and  then  quickly  cooled  to  a  temperature  lower  than  b,  and  then 
allowed  to  cool  slowly  in  dry  sand.  Firing  proof  gave  the  following 
results. 

Gun  No.  18,  outside  diameter  7*85  inches,  diameter  of  bore 
3*41  inches,  diameter  of  shot  3-2  inches;  the  windage  round  the 
body  of  the  shot  was  therefore  somewhat  greater  than  in  the  rest 
of  the  guns,  but  on  the  other  hand  the  bands  which  encircled  0  ■  63 
of  the  circumference  of  the  shot  had  the  same  amount  of  windage  as 
in  the  other  guns  : — 


5  rounds 

,  1-35  lbs. 

charge. 

1      „ 

1-8 

jj 

1        n 

2-25 

5) 

1       n 

2-475 

5) 

21      „ 

2-7 

J) 

tH 

3-15 

)J 

20      „ 

3-6 

5J 

5      „ 

3-6 

n          < 

double  shotted. 

The  diameter  of  the  bore  at  a  distance  of  50  inches  from  the  muzzle 
had  increased  by  4j  hundredths  of  an  inch. 

Gun  No.  21,  external  diameter  7-75  inches,  bore  3*364  inches: — 


1  round, 

1-35  lbs. 

charge. 

-L       jj 

1-8 

•J 

-^       n 

2-25 

5) 

*■       » 

2«  L75 

JJ 

21      „ 

2-7 

?) 

■*■      ?> 

3-16 

)J 

20      „ 

)> 

6      „ 

3-6 

„         double  shotted. 
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The  diameter  of  the  bore  at  a  distance  of  50  inches  from  the  muzzle 
had  increased  by  5  j  hundredths  of  an  inch. 

Mr.  ChemofF  exhibited  several  specially  prepared  specimens 
intended  to  illustrate  characteristic  periods  in  the  working  of  steel : 
as  for  example,  several  specimens  of  cast  but  unforged  steel,  of 
which  one  specimen  was  especially  remarkable  for  the  strong 
development  of  a  crystalline  structure,  arising  from  very  slow 
cooling  in  the  crucible  inside  the  furnace ;  also  a  specimen  of 
unforged  steel  of  crystalline  structure,  and  a  fragment  of  the  same 
piece  in  which  the  amorphous  condition  had  been  preserved  by 
rapid  cooling,  the  fracture  appearing  in  consequence  finely 
crystalline.  Several  specimens  of  forged  cast-steel  were  also 
shown. 

Mr.  Chernoff  explained  that  his  process  had  been  carried  out  with 
a  furnace  of  special  construction,  shown  in  section  in  Fig.  2,  Plate  106, 
into  which  the  gun  was  let  down  in  a  vertical  position  by  a  crane, 
and  deposited  on  its  breech  end  upon  an  annular  chair  C.  The 
furnace  was  itself  sunk  in  the  ground  near  the  crane,  and  had  an 
annular  grate  G  at  bottom,  with  an  aperture  A  for  firing  and  for 
setting  the  breech  of  the  gun  in  its  place  upon  the  ring  R  on  the  top 
of  the  chair  C.  Numerous  sight-holes  S  enabled  the  progress  of 
heating  to  be  watched.  The  flue  F  passed  oft*  to  the  chimney ;  and 
a  sheet-iron  cover  V  closed  the  top  of  the  furnace  while  in  operation. 
Before  receiving  the  gun,  the  furnace  was  heated  to  redness ;  while 
the  gun  also  was  gently  warmed  beforehand,  till  it  had  attained  a 
temperature  of  about  300°  C.  or  572°  Fahr.  at  the  breech  end.  The 
gun  was  then  lowered  into  the  furnace,  and  raised  to  a  red  heat ;  and 
then  withdrawn,  and  lowered,  still  in  a  vertical  position,  into  an 
iron  tank  O,  Fig.  3,  filled  with  olive  oil.  The  oil  tank  was  itself 
immertt  '1  in  a  larger  tank  W,  through  which  a  current  of  cold  water 
WM  made  to  circulate  from  the  inlet  pipe  I  at  bottom  to  the  overflow 

igfa  T  at  top.  The  gun  did  not  remain  in  the  oil  more  than 
half"  a  minute,  BO  as  to  avoid  too  raj)id  cooling  and  consequent 
hardening,    the   object     l«;iji^    merely    to     reduce    the    steel    to    a 

tare  below  />,  and  by  that  means  to  retain  its  amorphous 
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structure.  The  gun  came  out  of  the  oil  at  a  dark  red  heat,  and  was 
buried  in  dry  sand  in  order  that  it  might  cool  slowly,  so  as  to  avoid 
internal  stresses ;  the  cooling  might  safely  be  slow,  because  below 
the  temperature  b  steel  is  incapable  of  undergoing  any  molecular 
change.  In  order  to  permit  the  oil  to  circulate  through  the  bore 
while  the  gun  was  submerged  in  the  oil  tank,  Fig.  3,  the  breech  end 
had  drilled  through  it  axially  a  hole  2^  inches  diameter,  which  was 
afterwards  closed  by  a  cascable  screw. 

3Ir.  Chernoff  added  some  remarks  on  the  forging  of  steel,  and 
the  effects  which  he  considered  were  produced  by  the  process. 
The  necessity  for  forging  an  ingot  of  gun  steel  arose  from  the 
circumstance  that  it  was  not  as  yet  known  how  to  make  sound  steel 
castings.  The  castings  usually  had  internal  cavities  arising  from 
contraction,  and  on  their  external  surfaces  were  formed  an  immense 
number  of  gas  bubbles,  which  constituted  a  porous  envelope.  It 
was  consequently  necessary  to  cast  the  ingot  much  shorter  and 
thicker  than  required  for  the  gun,  and  then  to  close  up  the  cavities 
and  draw  them  out  under  the  hammer.  By  this  oj)eration  the 
internal  hollows  as  well  as  the  external  porosities  became  elongated 
and  attenuated,  so  that  it  was  easier  to  remove  them  by  subsequent 
boring  and  turning.  It  might  therefore  be  said  that  forging  would 
have  to  be  retained,  until  it  had  been  learnt  how  to  produce  absolutely 
sound  castings. 
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MEMOIRS. 

Henry  John  Card  Anderson  was  born  at  Salisbury  on  2nd 
March  1835.  At  the  age  of  sixteen,  with  a  view  to  the  engineering 
profession,  he  was  articled  for  three  years  to  Mr.  F.  Rumble.  On 
the  completion  of  his  pupilage  he  became  a  draughtsman  in  the 
office  of  Mr.  Thomas  Page,  by  whom  he  was  engaged  on  the 
works  of  the  new  Westminster  Bridge.  He  was  next  employed  by 
Mr.  Joseph  Cubitt  on  the  Rochester  Bridge  works  of  the  East 
Kent  Railway.  In  1859  he  went  to  Bombay  to  occupy  a  post 
on  the  Great  Indian  Peninsula  Railway ;  but  a  severe  sunstroke 
necessitated  his  return  in  the  following  year.  Afterwards  he  was 
employed  as  resident  engineer  for  Mr.  Cubitt  and  Mr.  W.  M. 
Brydone  on  the  Aylesbury  and  Buckingham,  the  March  and  Spalding, 
and  the  Stamford  and  Gibson  railways.  After  the  completion  of 
the  works  on  these  lines  he  entered  the  service  of  Messrs.  Easton 
Amos  and  Anderson,  and  acted  as  resident  engineer  in  the 
construction  of  the  Lade  Bank  pumping  station  of  the  River  Witham 
drainage.  In  18G8  he  was  similarly  employed  during  the  building 
of  the  iron  pier  at  Grays,  Essex,  for  the  Grays  Chalk  Quarries 
Company;  and  later  in  the  same  year  went  to  Egypt  to  erect  the 
Boulac  paper  mills  for  Messrs.  Easton.  During  1870-72  he  built 
the  three  large  sugar  factories  of  Aba,  Beni  Mazar,  and  Salagoss, 
and  superintended   their  working  until  1876,  when  he  constructed 

Gizeb    pumping  station  for  supplying  water  to  tho  palaces  and 

in  that  suburb  of  Cairo.     Till  1879  he  was  employed  in  the 

management  of  the  Khedive's  sugar  factories,  and  during  part  of  that 

tin.  ident  agent  in  England.     In  that  year  he  became 

tant  to  Mr.  Edward  Easton,  and   his   representative  in 

I  in  1880  became  hifl  partner,  and  carried  out  many  largo 
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works  connected  with  water  supply,  including  the  large  pumping 
station  at  Katatbeh.  The  partnership  being  dissolved  in  1882,  he 
then  formed  a  small  company,  which  entered  into  contracts  with  the 
Egyptian  government  for  cleaning,  widening,  and  deepening  by 
mechanical  means  the  irrigating  and  draining  canals  of  the  Delta. 
His  knowledge  of  the  country,  and  of  the  ways  and  language  of  the 
people,  enabled  him  to  aid  materially  in  suppressing  forced  labour, 
and  in  performing  the  inrportant  work  of  maintaining  the  Delta 
canals  by  the  means  ordinarily  employed  in  other  countries.  His 
health,  having  become  enfeebled  by  sunstroke  and  long  exposure  in  a 
tropical  country,  gradually  broke  down,  and  he  died  on  25th  March 
1891,  at  the  age  of  fifty-six.  He  became  a  Member  of  this 
Institution  in  1876. 

Captain  Chables  Faikiiolme,  R.X.,  was  born  at  Brussels  on 
5th  December  182'J,  being  the  son  of  Mr.  G.  Fairholme  of 
Greenknowe,  Berwickshire.  Entering  the  royal  navy  in  18-12,  he 
served  witli  distinction  throughout  the  war  in  the  Crimea,  first  as 
lieutenant  in  the  "A^uiicmuon,"  then  as  naval  aide-de-camp  to  the 
general  cominanding-in-cliief  during  the  siege  and  capture  of 
Sevastopol,  and  afterwards  in  the  "  Medusa,"  during  the  final 
operations  in  the  Sea  of  Azof.  He  commanded  the  gunboat 
"  Havoc  "  at  the  capture  of  the  Peiho  forts,  and  in  other  operations 
in  China  in  1860.  Not  long  after  his  retirement  from  naval  service 
he  became  interested  in  the  lleberlein  self-acting  railway  brake, 
which  lie  further  improved  ;  and  he  formed  and  successfully 
managed  a  company  for  working  it  in  this  country  and  abroad. 
He  was  thus  led  to  take  up  various  other  inventions  connected  with 
railway  engineering.  He  introduced  into  England  and  the  colonies 
the  Abt  sN^tem  of  mountain  railways,  and  succeeded  in  getting  it 
adopted  on  a  number  of  lines;  and  lately  he  became  the 
representative  of  the  Lindner  starting  gear  for  compound 
Looomotiyes,  of  which  lie  gave  a  description  to  this  Institution  in 
January  1800  i  I  lingB,  \  - 1-86).     Hi-  death  took  place  at 

W<  nngton    on    11th    October    181>1,   at   the    ago   of  sixty-one. 

He  became  an  AflfOOiate  of  thifl  Institution  in  1883. 

■2  a 
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vii>  Greig  was  born  at  Harvieston,  near  Stonehaven, 
Kincardineshire,  on  l27th  October  1827.  In  early  life  he  assisted 
his  father  in  farming  in  the  north  of  Scotland ;  and  it  is  somewhat 
remarkable  that  a  man  without  any  previous  mechanical  training 
should  have  been  able  to  grasp  the  numerous  branches  of  mechanics 
with  which  he  afterwards  associated  himself.  When  quite  a  young 
man  he  undertook  the  management  of  a  large  estate  in  Ireland ; 
and  while  superintending  operations  in  Hainault  Forest  in  1858  he 
was  engaged  by  Mr.  John  Fowler  to  assist  him  in  overcoming  the 
difficulties  connected  with  the  construction  of  the  steam  plough, 
the  idea  of  which  had  occurred  to  Mr.  Fowler  in  connection  with 
his  own  draining  plough  and  Mr.  Fisken's  plough  driven  by  water 
power.  About  this  time  Mr.  Greig  introduced  his  well-known 
and  valuable  improvement  upon  the  "balance  plough,"  which  is 
now  in  every-day  use :  the  original  balance  plough  had  two  straight 
wooden  beams  extending  the  whole  length  of  the  implement,  between 
which  the  balance  plough  worked;  and  his  improvement  consisted  in 
making  the  present  form  of  iron  balance  plough-frame,  which  did 
away  with  the  old  wooden  frames  entirely.  The  Steam  Plough 
Works  having  been  started  about  1860  at  Hunslet,  Leeds,  by 
Messrs.  John  Fowler  and  Co.,  he  then  acted  as  outside  manager  and 
travelled    to    secure    orders,   and    in    this    capacity   he    made    the 

mi  plough  a  commercial  success.  The  works  originally  gave 
employment  to  only  about  one  hundred  men,  and  were  limited  to  the 
production  of  ploughs,  anchors,  and  engines ;  they  now  cover 
nd  employ  about  1,600  men.  During  the  American 
civil  war  in  l'Si;_'  :;  the  cultivation  of  cotton  in  Egypt  was  carried 
on  upon  ;i  larj  ;  and  for  the  speedy  preparation  of  the  lands 

tli is  purpose   the   steam  plough   became  a  necessity.     Mr.  Greig 

E   ypt,  where  lie  remained   for  some  time;  and  tho  numerous 

ordl  mi  that  country  contributed  largely  to  build  up  the, 

works  to  their  present  size.  On  the  death  of  .Mr.  Fowler  in  1864 
L865,  pie":  1  I j.  lie  became  ;t  partner;  and  while  the 
improvement  of  the  steam  plough  and  its  adaptation  to  various 
kind-,  of  work  continued  to  receive  his  closest  care,  he  also  turned 
his  attention  to  tin;  manufacture  of  Locomotives,  and  found  uses  to 
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which  the  steam  ploughing  engine  with  slight  modifications  could 
be  adajited ;  and  the  employment  of  portable  and  semi-portable 
engines  for  all  sorts  of  mining  purposes  was  to  a  great  extent  the 
result.  As  an  instance,  on  his  advice  an  ordinary  ploughing  engine 
was  used  by  Messrs.  Bell  Brothers  of  Middlesbrough  for  a  new 
pit  they  were  then  sinking  at  the  Cliff  Mines  near  Saltburn ;  and 
it  is  believed  this  lifted  many  hundred  thousand  tons  of  ironstone  at 
a  cheaper  rate  per  ton  than  any  other  engine  had  ever  done.  The 
introduction  of  this  class  of  machinery  naturally  resulted  in  his 
attention  being  directed  to  all  other  descriptions  of  machinery 
required  for  mining  operations,  and  the  firm  entered  largely  into 
the  manufacture  of  all  classes  of  mining  machinery;  he  took  the 
principal  part  in  the  design  and  manufacture  of  some  of  the 
largest  winding  engines  working  in  this  country.  The  success  of 
the  compound  principle  for  marine  engines  led  him  to  consider  its 
adaptability  to  agricultural  and  stationary  machinery.  At  the  Steam 
Plough  "Works  he  constructed  the  first  compound  semi-portable 
engine ;  and  as  the  experiments  made  with  it  proved  successful, 
the  manufacture  of  compound  ploughing  and  traction  engines  soon 
followed.  The  first  of  the  compound  traction  engines  was  exhibited 
at  the  Royal  Agricultural  Society's  meeting  held  at  Derby  in  1881, 
since  which  date  nearly  all  the  principal  agricultural  firms  have 
commenced  their  manufacture.  He  became  a  Member  of  this 
Institution  in  lSGo,  a  Member  of  Council  in  1878,  and  a  Vice- 
President  in  188G.  In  18G5,  in  conjunction  with  Mr.  John  Fowler, 
lie  contributed  a  paper  on  the  application  of  steam  power  to 
the  cultivation  of  land;  and  in  IST'J,  in  conjunction  with  Mr.  Max 
Eyth,  he  gave  another  on  the  use  of  iron  and  steel  in  high- 
pressure  boilers.  11';  also  read  numerous  papers  on  agricultural 
subjects  before  various  Chambers  of  Commerce  and  other  » 
in  different  parts  of  the  country,  lie  took  an  active  part  in  the 
Iron   Trades    Employ*  ociation,  of   which  he  was  the  president 

for  two  year-,   L881  -82  and   1882  33.     He  was  a  life  governor 

the  Yorkshire   College,  and  a  member  of  its   Council;  and  was  one 

of  the  representatives  of  the  engineering  trade  on  the  Council 
the  Leeds  Chamber  of  Commerce.     He  was  also  a   justice  of  the 
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peace  for  the  borough  of  Leeds,  and  for  many  years  took  a  keen 
interest  in  local  affairs.  He  died  at  his  residence,  Leeds,  on  20th 
March  L891,  at  the  age  of  sixty- three,  after  a  lingering  illness. 

John  Seddon  was  born  at  Westhoughton,  near  Bolton,  on 
3rd  May  1816,  and  served  his  apprenticeship  with  Messrs. 
1  [argreavee  of  Bolton,  mainly  on  the  old  Bolton  and  Kenyon  Railway. 
From  there  he  went  to  London,  and  was  appointed  a  carriage  and 
wagon  superintendent  on  the  London  Brighton  and  South  Coast 
Railway,  which  situation  he  left  to  take  charge  of  the  railway 
carriage  works  of  Messrs.  Finch  and  Willey,  of  Liverpool.  In  1851 
he  went  to  Wigan,  and  became  agent  for  Lancashire,  Wales,  and 
Scotland,  on  behalf  of  the  Metropolitan  Railway  Carriage  and 
"Wagon  Co.  In  1874  he  initiated  the  Wigan  Wagon  Works ;  and  he 
was  also  a  director  of  the  Ince  Hall  Rolling  Mills  Co.  For  some 
years  he  was  a  member  of  the  Wigan  Town  Council,  and  in  1885 
was  placed  on  the  commission  of  the  peace.  Having  been  in  failing 
health  for  some  time,  in  returning  recently  from  Harrogate  he  had 
to  be  taken  to  his  son's  residence  at  Hindlcy,  near  Wigan,  where 
he  died  on  3rd  October  1891,  in  the  seventy-sixth  year  of  his  age. 
He  became  a  Member  of  this  Institution  in  1864. 

Eichabd  Sbnnett  was  born  near  Penzance  on  25th  October  1847. 
Tn  1862  lie  entered  Keyham  Factory,  Devonport,  as  an  engineer 
student,  and  after  serving  five  and  a  half  years  there  in  this  capacity 
1  to  proceed  to  South  Kensington  for  the  more  advanced 
course  of  training  given  at  the  Royal  School  of  Naval  Architecture, 
at  the  conclusion  of  which  he  obtained  the  highest  diploma  and  a 
hip.    He  subsequently  became  instructor  in  marine 

ineering  at  the  Royal  Naval  College,  Greenwich,  and  obtained  a 
WMtworth  scholarship.  After  service  at  sea  as  engineer,  he  was 
appointed  in  1872  to  the  Admiralty  for  scientific  work;  and  in 
L875  proceeded    to    Devonport    Dockyard   i  tant  to  the  chief 

ineer.     After  serving  there  for  about  eight  years  he  returned 

the   Admiralty,  and   in    L888   succeeded   Mr.    John    Oliver 
chief   engineer  i;  attaining  the  naval  rank  of  inspector  of 
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machinery  in  1885.  On  the  retirement  of  Sir  James  Wright 
in  May  1887,  he  was  appointed  Engineer-in-Chief  at  the  Admiralty, 
which  position  he  held  until  May  1889,  when  he  resigned  the 
appointment  and  his  rank  in  the  navy,  and  became  managing 
director  in  the  firm  of  Messrs.  Maudslay  Sons  and  Field.  He  was 
the  author  of  a  standard  work  on  the  marine  engine,  which  has  been 
translated  into  Russian  and  Italian.  His  death  took  place  on  4th 
September  1891  at  Walton-on-Thaines,  at  the  age  of  forty-three. 
He  became  a  Member  of  this  Institution  in  1881  ;  and  was  a  Vice- 
President  of  the  Institution  of  Naval  Architects. 
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Institution  of  Uttchnitnl  (£u$mtxs. 


PROCEEDINGS. 


October  1891. 


The  Autumx  Meeting  of  the  Institution  was  held  in  the  rooms 
of  the  Institution  of  Civil  Engineers,  London,  on  Wednesday,  28th 
October  1891,  at  Half-past  Seven  o'clock  p.m. ;  JosEm  Tomlixsox, 
Esq.,  President,  in  the  chair. 

The  Minutes  of  the  previous  Meeting  were  read,  approved,  and 
signed  by  the  President. 

The  Presidext  announced  that  the  Council  had  presented  the 
cordial  Thanks  of  the  Institution,  engrossed  upon  vellum  and 
framed,  together  with  a  Time-piece  and  Inkstand  with  suitable 
inscriptions,  to  Mr.  Henry  II.  West,  in  recognition  of  his  energetic 
and  obliging  exertions  in  maturing  and  carrying  out  as  the  Honorary 
Secretary  the  various  arrangements  for  the  recent  Summer  Meeting 
in  Liverpool,  whereby  the  success  of  the  Meeting  had  been  ensured 
and  the  enjoyment  of  the  Members  enhanced. 

The  President  announced  that  the  Ballol  Lists  for  the  election 
<»f  New  Members,  Associates,  and  Graduates,  had  been  1  by 

a    committee    of   the    Council,   and    that    the    following    thirty-nine 
Candidates  were  found  to  be  duly  elected: — 


MKMl;i 

John  Edwabd  Lloi  d  B  lbh 

JOHN   EbMMBZEB  BOUBTCMLD,     . 

Eon  in  Hi.n  101  Briwstib,  . 

Eton  M.I'  Eopi  I'.un 
William  Bboadbkm  r.    . 

Jam  1:1:.    . 


Liverpool. 

London. 

London. 
London. 
Snddersf 

Halifax. 

9  1 
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William  CHARLES  CARTER,     . 
Mtles  Cooper,   . 
William  James  Douglass,     . 
James  Alfred  Ewing,  F.R.S., 

FlNLAY  FlM.AYsON, 

Richard  Hanson, 

Raymond  Hillman  Hornbrook, 

Henry  Albert  Hoy,     . 

Charles  Arbdthnot  Hubback, 

(  Ihables  Frederick  Jones,    . 

Bertrand  Thornton  Knight, 

James  Manson,    . 

Robert  Thomas  Middleton, 

William  Naylor, 

Thomas  Parker, 

John  George  Robinson, 

Alphonse  Louis  Sellier, 

Robert  Alexander  Sloan,    . 

William  Stringer, 

John  Vicars, 

•  '   uus  E.  Waterous,    . 

associates 
Frederick  Heathcote  Carter, 
George  Henry  Jennings.     . 
Hugh  Monte,  Jun., 
Thomas  Thomson  Rankin,    . 
Bkbtbam  Roohport,     . 
William  Charles  Rowouppe, 
Edmund  Wiseman, 

QRADUA1  Eg 

Walter  Edward  Butcher,  . 
ma]         (  -  dueoae, 

jtabd  Sinclair  Bremneb  Hughes, 

1        DEBIC    William   JORDAN, 

Johj   Leonard  Vaizlv, 


London. 

Manchester. 

Blaydon-on-Tyne. 

Cambridge. 

Coatbridge. 

Bradford. 

Hong  Kong. 

Horwich. 

St.  Albans. 

Bombay. 

Sandakan. 

Kilmarnock. 

Bombay. 

Wolverhampton. 

Wolverhampton. 

Limerick. 

Trinidad. 

Liverpool. 

Manchester. 

Newton-le- Willows. 

Brantford,  Ontario. 

Manchester. 

London. 

Bombay. 

Coatbridge. 
London. 
London. 
Luton. 

Brighton. 

London. 

Helensburgh. 

London. 

London. 
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The  President  announced  that,  in  accordance  with  the  Rules  of 
the  Institution,  the  President,  two  Vice-Presidents,  and  five  Members 
of  Council,  would  retire  at  the  ensuing  Annual  General  Meeting ; 
and  the  list  of  those  retiring  was  as  follows : — 

PRESIDENT. 

Joseph  Tomlinson,  .  .  .     London. 

VICE-PRESIDENTS. 

Sir  James  N.  Douglass,  F.R.S.,        .     London. 
Arthur  Paget,     ....     Loughborough. 

members  of  council. 

Benjamin  A.  Dobson,     .  .  .     Bolton. 

John  G.  Mair-Eumley, 
Henry  D.  Marshall,     . 
Edward  B.  aIaetew 
J.  Hartley  "Wicksteed, 


London. 
Gainsborough. 

Stourbridge. 
Leeds. 


Of  these  the  following  offered  themselves  for  re-election  : — 

YIOE-CEKSIUENT. 

Bib  James  N.  Douglass,  l'.K.S..      .     London. 

MEMEEES  01     I  OUNOHi.] 

Benjamin  A.  DoBSON,    .  .  .  Bolton. 

John  G.  Maie-Remei.y.  .  .  London. 

Neney  D.  BIabshall,    .  .  .  Gflinsborou 

J.  Hartley  Wicksteee,  .  .  Leeds. 

The  following  nominations  had  also  been  made  by  the  Council  far 
iho  election  at  the  Annual  General  Meeting: — 

EEESIDENT. 

t 

William  A-  ..  I >.< '.I...  i'.!:.s..     \v 

Mi  E-EEEHDENT. 

Edwabd  B.  Mabxbt,    .         .         .     Stonrbridj 

-     9    - 
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Election 
M  Member  MEMBERS  of  council. 


1864.  William  Kirtley, 
L865.  Francis  C.  Marshall, 
18GG.  Robert  H.  Humphrys, 
1868.  William  Dean,  . 
1871.  James  Platt, 
1881.  John  A.  F.  Aspinall,  . 
1885.  Thomas  Mudd,   . 


London. 

Newcastle-on-Tyne. 

London. 

Swindon. 

Gloucester. 

Bolton. 

West  Hartlepool. 


The  President  reminded  the  Meeting  that  according  to  the  Kules 
of  the  Institution  any  Member  was  now  entitled  to  add  to  the  list  oi 
candidates. 

Mr.  Henry  Chapman  made  the  following  nomination : — 


member  of  council. 
1878.  Arthur  Greenwood,   .  .     Leeds. 

The  President  announced  that  the  foregoing  names  would 
accordingly  constitute  the  nomination  list  for  the  election  of  officers 
at  the  Annual  General  Meeting.  It  would  be  observed  that  the  list 
did  not  include  the  name  of  Mr.  Arthur  Paget,  one  of  the  two 
Vice-Presidents  retiring,  who  was  prevented  by  ill  health,  he  was 
sorry  to  say,  from  offering  himself  for  re-election. 


The  following  Paper  was  then  read  and  discussed  : — 

•  On  BOme  details  in  the  Construction  of  modern  Lancashire  Boilers  "  ; 
by  Mr.  Samuel  Boswell,  of  Manchester. 

At    Ten    o'clock    the  Meeting    was    adjourned    to    the    following 
The  attendance  ires  108  Members  and  Gl  Visitors. 
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The  Adjourned  Meeting  was  held  at  the  Institution  of  Civil 
Engineers,  London,  on  Thursday,  29th  October  1891,  at  Half-past 
Seven  o'clock  p.m. ;  Joseph  Tomldtbon,  Esip,  President,  in  the  chair. 

The  following  Paper  was  read  and  discussed : — 

"  First   Eeport  to  the  Alloys  Research  Committee " ;   by  Professor 
W.  C.  Roberts-Austen,  C.B.,  F.R.S. 


On  the  motion  of  the  President  a  vote  of  thanks  was  unanimously 
passed  to  the  Institution  of  Civil  Engineers,  for  their  kindness  in 
granting  the  use  of  their  rooms  for  the  Meeting  of  this  Institution. 

The  Meeting  then  terminated  at  Ten  o'clock.  The  attendance 
was  72  Members  and  57  Visitors. 


Oct.  1891. 


OX     SOME     DETAILS    IN     THE     CONSTKUCTION 
OF    MODEEN    LANCASHIRE    BOILERS. 


By  Mb.  SAMUEL  BOSWELL,  of  Manchester. 


The  great  advance  in  engineering,  clue  to  the  use  of  higher 
steam-pressure,  has  brought  about  numerous  improvements  in  the 
design  and  construction  of  Lancashire  Boilers,  which  however  in 
many  points  are  still  far  from  perfect ;  and  the  object  of  the  present 
paper  is  to  draw  attention  to  some  of  the  imperfections  yet 
remaining,  and  to  indicate  how  they  may  be  remedied,  wholly  or 
partially,  and  probably  without  increasing  the  present  cost  of  the 
best  work.  It  will  be  assumed  that  the  boilers  are  intended  for 
working  under  the  conditions  usually  met  with  in  Lancashire,  under 
which  they  have  been  found  to  answer  well :  namely,  fed  with  water 
not  of  the  best,  and  fired  with  the  slack  generally  used  as  fuel.  The 
subject  will  be  dealt  with  under  the  general  headings  of  material, 
construction,  and  testing. 

Steel. — At  the  present  time  the  most  suitable  material  that  can  be 

I  for  the  construction  of  Lancashire  boilers  is  believed  to  be  mild 

-t<  ( 1    manufactured    by    the    Siemens-Martin    open-hearth    process, 

Which  is  preferred  to  that  made  on  the  Bessemer  process  because  it  is 

generally  found  to  be  more  homogeneous  and  reliable.     When  mild 

steel  was   first  introduced,   it  was  of  a  somewhat   unreliable  nature, 

ttuch  as  it-  component  ingredients,  in  their  relation  to  each  other 

and  their  influence  on  the  whole,  were  not  so  fully  understood  as  at 

i  at ;  but  eren  in  the  early  stage  of  mild-steel  manufacture  on  a 

smaller    scale  than  the  present,  careful  endeavours  were  made  to 

B  materia]  a-  \'nc,  from  mechanical    defects   as  possible;  and 

confidently  asserted   that  mild  steel  was  quite  free  from  at 

I  often    found   even   in  the  besl  brands  of  iron,  namely 


OCT.  1891.  BOILER    CONSTRUCTION.  485 

lamination  or  blistering.  "With  care  in  manufacture  the  finished 
steel  plate  should  certainly  be  free  from  this  defect  ;  but 
unfortunately  this  is  not  always  the  case,  owing  either  to  parsimony 
of  the  maker,  or  to  carelessness  of  the  workman ;  and  on  more 
than  one  occasion  it  has  been  discovered  and  pointed  out  by  the 
writer.  To  guard  against  the  occurrence  of  this  and  other  defects, 
it  is  usual  to  insist  upon  the  plates  being  examined  in  the  boiler 
yard,  and  sometimes  strijis  are  required  to  be  tested  ;  but  in  the 
writer's  opinion  that  is  not  the  best  course  to  follow  in  order  to 
insure  freedom  from  lamination  and  to  obtain  reliable  plates.  The 
proper  place  for  examining  and  testing  plates  is  at  the  steel  works, 
where  defects  are  more  readily  detected  before  the  plates  arc  sheared, 
and  where  test  strips  can  be  more  readily  prepared  and  tested,  and 
unsuitable  plates  which  have  been  rejected  can  be  replaced  quickly, 
thus  obviating  the  annoyance  of  having  to  wait  several  days  or 
weeks  for  replacing  defective  material  rejected  during  inspection  in 
the  boiler  yard. 

Lamination  in  its  worst  form  is  often  due  to  overlapping  when 
rolling  the  slab  into  a  plate  ;  when  so  caused  it  may  therefore  bo 
termed  a  mechanical  defect.  Lamination  may  also  be  due  to  the 
presence  of  a  chemical  ingredient,  such  as  phosphorus,  sulphur,  slag, 
or  carbonaceous  matter;  any  of  these  tends  to  make  up  a  layer  of 
impure  iron,  for  which  the  metallurgist  is  responsible. 

Test  Strips. — When  the  plates  have  been  delivered  to  the  boiler 

works,  strips  are  sometimes  cut  off  for  testing  purposes.    Those  taken 

from  the  manhole  scrap  generally  give  the  best  results,  because  any 

rface  imperfection  or  lamination  is  least  likely  to  be  found  in  the 

.tie  of  the  plate;  consequently  such  testa  are  most  favourable  to 

the  steel  maker.      Strips  cut  from   plate   ends  are   l'ar  more   likely  to 
expose    d<  lapping,   deficient    thickness, 

uneven  surfaces,  and  hardening  due  to  the  chilling  effect  of  throwing 
plates  hot  from  the  rolls  down  upon  the  cold  plate-floor.     Wl  i 
from  mechanical  defects,  tlu-  test   Btripfl  Beldom   fall  short   of  the 
conditions  stipulated.     Curiously  enough  however  there  appear  to  be 
a  greater  number  of  defectiTe  plates  delivered  to  boiler  works  when 
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the  shipbuilding  yards  are  busy,  than  when  they  are  not  so  fully 
occupied.  Whether  this  is  due  to  indifference  of  the  steel  makers, 
or  to  ship  plates  getting  mixed  with  boiler  plates,  does  not  concern 
the  pr<  ;bject ;  but  at  auy  rate  the  writer's  experience  is  that  at 

such  times  plates  unable  to  bear  the  prescribed  test  are  more  likely  to 

[»  into  the  boiler  shop. 

When  plates  are  ordered  for  the  best  boilers,  it  js  generally 
agreed  that  their  tensile  strength  shall  be  not  less  than  26  tons  per 
square  inch  and  not  more  than  30  tons,  while  the  elongation  must 
not  be  less  than  20  per  cent,  in  a  length  of  10  inches,  the  test  strips 
being  usually  2  inches  wide.  Occasionally  a  stated  reduction  of  area 
is  insisted  upon  ;  but  in  the  writer's  opinion  this  is  decidedly  wrong 
and  sometimes  misleading,  because  a  strip  not  so  homogeneous  as 
desirable  will  often  give  a  greater  reduction  of  area  at  the  fractured 
portion  only,  while  a  superior  strip,  in  which  there  is  a  uniform  flow 
under  test,  will  give  a  good  elongation,  but  not  so  great  a  reduction 
( »f  area  at  the  fractured  j)art ;  if  however  the  reduction  of  area  were 
measured  say  in  ten  places  in  each  of  the  two  samples,  and  the 
average  taken,  it  would  be  found  that  the  latter  strip  would  be 
much  more  reduced  than  the  former. 

In  the  bending  test,  the  strip  should  be  bent  cold  to  a  radius 

1}  times  its  thickness,  until  its  ends  are  parallel  with  each  other; 

1  in  the  chill  or  temper  test  to  a  radius  equal  to  twice  its  thickness. 

With  plates  from  the  best  works  there  is  no  difficulty  in  getting  these 

It-. 

\f  "Plates,—  As  regards  width,  3  feet  to  3  ft.  G  ins.  is  found 
most  reliable,  and  must  convenient  on  account  of  the  spacing  of  tho 
mountings  on  the  boiler  crown.     As  to  length,  one  plate  to   a  ring 

undoubtedly  the  best  arrangement,  because  it  allows  all  the 
longitudinal  seams  to  be  near  the  crown,  and  they  are  then  always 
accessible,  abo  r  level,  out  of  the  way  of  corrosion,  and  clear 

brickwork.  Jmt  where  there  is  not  machinery  suitable  for 
handlii.  b     long    plates,   then    two    plates    to    a    ring  must  bo 

ad<  iken  to  keep  the    longitudinal  seams  clear  of 
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Form  of  Seam. — The  butt  joint  with  double  bntt-straps  La 
without  doubt  the  best  and  strongest ;  and  it  dispenses  with  the 
objectionable  practice  sometimes  adopted  of  thinning  the  plate 
corners.  In  a  butt  joint  the  plates  can  be  bent  to  a  true  circle ; 
and  -when  double  butt-straps  are  used,  the  rivets  are  in  double  shear. 
In  bending  the  plates  for  lap  joints,  there  is  only  a  slight  deviation 
from  the  true  circle;  but  in  thick  plates  this  occasionally  leads  to 
some  slight  damage  in  closing  the  joints  at  the  corners  where  they 
have  been  thinned. 

Thinning  of  Corners. — In  most  of  the  best  boiler-works  the 
corners  of  the  plates  are  thinned  by  planing  them  down ;  but 
this  in  the  writer's  opinion  is  not  the  correct  tiling  to  do,  anlesf 
the  plates  are  niade  to  a  special  shape.  No  doubt  it  obviates  local 
heating  and  consequent  internal  strains  in  the  plate  ;  but  is  it  certain 
that  internal  strains  were  not  already  in  existence  ?  From  his  own 
experience  the  writer  thinks  there  is  not  much  to  fear  in  this 
direction,  as  he  has  tried  several  experiments  to  ascertain  the  effect  of 
heating  plates  locally.  In  one  case  a  piece  of  steel  boiler-plate, 
shown  in  Fig.  9,  Plate  109,  was  bulged  out  of  shape  in  the  middle. 
made  hot  at  the  bulge,  hammered  buck  to  its  original  form,  and  planed 
into  seven  strips,  which  were  then  tested  with  the  following  result-. 


No.  of 

Ten 

ill. 

Percent            1  Hongation 

Strip. 

Tom 

[naie 

inch. 

in 

10  inches  Length. 

1 

27*7 

28-7 

2 

27-  1 

20-1 

3 

27*5 

20  0 

■1 

28-  I 

28'7 

5 

27 

0 

6 

28*4 

28-7 

7 

27-  i 

■1 

showing  that  the  local  heating  did   not  appear  to  have  intlm need    the 
Strength  Of  ductility  of  the  plate  in  the  slightest  degree.    When  thin: 
by  machine,  the  material  ifl  cnt  sway,  FigB.  1  and  2, Plate  L07, forming 
■  short  joggle  which  is  not  always  easily  closed,     v.  thinned 

from  the  ;  s.  8  snd  1.  the  whole  of  the  material   us  retained, 

forming    a    longer   joggle,    which    i  I    the    thin 
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rner  will  finish  at  the  next  rivet  hole.     If  there  is  any  legitimate 

unci  for  suspecting  internal  straining  due  to  local  heating,  may 

it  not  be  easily  overcome  by  annealing  the  whole  plate?     In  some 

Indeed   it    is   even   stipulated   that   all   the   plates   shall  be 

annealed  before  use. 

With  butt  joints  the  thin  corners  of  plates  are  got  rid  of;  and 
sometimes  the  same  principle  is  carried  even  further,  as  shown 
in  Figs.  5  and  6,  Plate  108,  by  making  the  butt-strap  end  to  butt 
against  the  edge  of  the  next  plate.  This  certainly  makes  a  neat 
finish,  but  it  is  not  so  reliable  as  when  the  strap  end  is  thinned 
and  tucked  under  the  edge  of  the  next  plate,  as  shown  in  Figs. 
7  and  8.  The  thinning  of  the  butt-strap  ends  is  generally  done 
from  the  fire,  and  then  each  straj3  is  annealed  in  the  furnace.  In 
case  of  leakage,  the  joints  thus  thinned,  shown  in  Figs.  3  and  7, 
are  much  easier  dealt  with  and  made  good  than  the  joints  shown  in 
Figs.  1  and  5. 

Edges  of  Plates. — These  are  invariably  planed  in  all  the  best 
works.  The  most  suitable  bevel  or  angle  for  free  edges,  other  than 
butt  edges,  is  considered  by  the  writer  to  be  75°,  as  shown  in  Fig.  11, 
Plate  109.  The  angle  is  perhaps  more  important  than  would  appear  at 
first  sight,  because  the  edge  should  be  planed  to  the  angle  most  suitable 
for  calking.  When  planed  to  the  angle  of  75°,  then  after  fullering, 
which  really  means  calking  with  a  tool  equal  in  thickness  to  the 
plate,  the  angle  or  bevel  of  the  plate  should  be  80°,  as  shown  in  Fig.  12. 
Where  this  rule  is  adhered  to  and  carried  out  systematically,  bad 
work  can  readily  be  detected  by  merely  glancing  along  the  scam. 

The  proper  angle  for  planing  the  plate  edges  when  they  are  to 
butt  together   and    form   a  close  joint   can  be  arrived   at   only   by 

eriment  The  smaller  the  diameter  of  the  circle  to  which  the 
plate  is  bent,  and  the  greater  the  thickness  of  the  plate,  the  sharper 
will  be  the  angle  required;  while  for  Larger  diameters  and  thinner 
plat  ill  require  to  be  planed  more  nearly  square. 

Bending  of  Plates.  Care  should  be  taken  to  see  that  the  sweep  of 
the  plal  I  to  the  v(iy  extremity  in  the  bending  rolls,  so  as 
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not  to  require  the  ends  setting  to  the  curve  with  hammers ;  there  are 
plenty  of  bendingi  rolls  which  allow  of  this  being  done  when  properly- 
handled.  Unfortunately  it  is  not  always  done,  and  the  plate  is  often 
hurried  through  the  rolls,  and  is  even  bent  to  the  full  sweep  at 
one  operation,  which  is  somewhat  barbarous  and  should  never  be 
allowed. 

Drilling. — The  plates  after  bending  pass  on  to  the  drilling 
machine.  In  order  to  hold  them  in  position  without  a  number  of 
tack  holes,  inside  and  outside  angle-rings  are  sometimes  employed, 
with  a  number  of  set-screws  in  each,  by  which  the  plates  are  held  in 
a  circular  form ;  but  whether  they  are  really  drawn  up  metal  to  metal 
as  tight  as  they  should  be  is  to  the  writer  doubtful.  His  own  idea  of 
really  good  tight  work  is  to  drill  first  a  number  of  small  tack  holes, 
say  5-8ths  inch  diameter  and  about  3  feet  apart  along  the  longitudinal 
and  the  circular  joints  alike,  and  to  drill  the  joint  holes  with  l-8th 
inch  draw,  so  that  when  bolting  up  in  readiness  for  the  drilling 
machine  a  drift  can  be  inserted  and  the  plates  drawn  up  and  bolted 
metal  to  metal,  thus  insuring  good  work  ;  the  5-8ths  inch  holes  can 
easily  be  drilled  out  finally  to  the  proper  size  after  the  bolts  have 
been  taken  out.  By  following  this  plan  no  extra  time  or  labour  is 
involved,  but  rather  a  saving  of  time  is  effected  OTer  other  plans  which 
are  sometimes  adopted.  Nodoubt  the  use  of  the  drift  maybe  objected 
to  ;  but  in  the  writer's  opinion  it  is  in  many  a  lentially  necessary 

to  use  it,  if  good  work  La  required.  In  most  boiler-works  it  is  denied 
that  any  use  is  made  of  the  drift;  but  where  is  there  ■  works  without 
it?  and  although  no  too]  is  more  misi  k,  when  properly  used 

aboTe  described,  what  tool  will  do  so  much  good  work  ?  With  the 
material  of  which  the  best  boilers  are  now  made  there  seems  no  reason 
why  the  judicial;  -i'  the  drift  should   be  al  all  feared.     I 

2  inch  strip  will  stand  a  J  inch  hole  drifting  to  1  \  inch  diami 
without  apparent  diet  i  d  shown,  surely  the  drift  maj 

trusted  for  drawing  the  work  togethi   .     NbJ  l"n.ur  ago,  <»n  the  closing 
of  a  works  from  which  the  best  class  of  boilers  bad  been  tun 
the  tools  sold  were  found  to  include  no  less  than   1"  owl  keel 

drifts  that  had  0080  in  DJ6  in  the  boiler  shop.      It  is  only  in  the  hands 
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of  inferior  workmen,  and  with  inferior  material,  that  the  drift  is  said 
to  be  worse  than  useless ;  but  it  only  exposes  that  which  should  not 
exist,  and  in  this  connection  therefore  it  has  an  unmerited  bad 
name. 

After  drilling,  the  plates  should  be  taken  asunder,  and  the  holes 
cleared  of  the  burr  left  by  the  drills.  With  a  proper  tool  this  is  not 
a  difficult  task ;  but  it  is  important  that  it  should  be  done,  and  in  the 
writer's  opinion  the  holes  should  even  be  slightly  countersunk  round 
the  outer  edge  in  order  further  to  strengthen  the  riveting,  especially 
where  the  rivets  are  in  tension.  It  is  when  the  plates  are  taken 
asunder  that  it  can  be  discovered  whether  or  not  they  have  been 
drawn  tightly  together,  metal  to  metal.  If  they  have  been  put 
together  as  already  suggested,  no  burr  whatever  will  be  seen  between 
the  plates,  and  no  trace  of  slackness  will  be  visible  when  they  are 
again  put  together  for  riveting  up. 

Bivi  ting. — The  proper  diameter  of  the  rivets  will  be  influenced 
1  >y  the  thickness  of  plate  through  which  they  pass.  In  the  pitch,  not 
only  strength  but  steam-tightness  must  be  considered ;  occasionally 
therefore  the  adoption  of  the  strongest  pitch  is  precluded  on  account 
of  steam-tightness,  though  the  writer  believes  that  wider  and  stronger 
pitches  than  at  present  used  may  be  adopted  without  fear  of  leakage, 
particularly  when  steel  rivets  are  employed,  put  in  properly  heated, 
and  well  closed  into  the  holes.  When  rivets  are  thrown  into  the 
rivet  furnace  by  the  bagful,  and  then  brought  out  by  the  shovelful, 
often  thickly  coated  with  oxide  and  slag,  it  is  next  to  impossible  to 
make  good  work.  There  seems  no  reason  why  the  rivets  should  not 
be  heated  to  a  bright  red  heat,  brought  out  singly,  and  each  rivet 
d  through  a  line  spray  of  water,  which  Would  immediately  chill 
any  oxide  or  slag  and  cause  it  to  shell  off,  without  in  any  way  affecting 
the  ri  -If;  and  then  a  perfectly  clean  rivet  would  be  put  in  a 

an  hole.     The  difference  in  the  quality  of  the  work  will 
i  en  by  closing  B  dirty  rivet  and  also  a  clean  one,  and  then 
cutting  them  open  through  the  centre,  and  polishing  them;  in  the 

former  case    a    film    of  oxide,   Sometimes    1 -'5-iid    inch    thick,   will  be 
rrounding  the  rivet,  while  with  the  clean  rivet  the  joint 
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will  scarcely  be  discernible.  The  use  of  clean  rivets  may  perhaps 
entail  a  little  more  labour  and  care,  but  it  would  prove  worth  all  the 
trouble.  It  is  desirable  that  all  joint  rivets  which  pass  through  an 
extra  thickness  of  plate  should  be  slightly  larger  in  diameter  than 
the  seam  rivets.  For  instance,  in  £  inch  plates  13-lGths  inch  rivets 
are  often  used,  which  have  to  j>ass  through  1  inch  thickness  of 
material  and  to  draw  two  plates  together  ;  it  seems  therefore  not 
unreasonable  that  three  thicknesses  of  ^  inch  plate  should  ha 
7-Sths  inch  rivets,  in  order  to  make  an  equally  good  joint.  No  donbt 
an  objection  will  be  felt  to  reducing  the  overlap  thereby ;  but  in  a 
joint  the  grip  of  the  rivet  is  of  more  importance  than  the  width  of 
the  overlap,  while  the  gain  would  be  about  15'9  per  cent,  in  favour 
of  the  rivet  section,  against  a  loss  of  only  about  3*8  per  cent,  in  the 
overlap  section. 

Too  much  care  cannot  be  exercised  in  seeing  that  the  riveting 
is  well  done,  both  at  the  machine  and  by  hand.  If  the  rivets  are  not 
well  closed  in  the  hole,  the  previous  attention  to  their  size  and 
cleanliness  will  be  so  much  time  wasted.  To  close  a  rivet  well  in 
hole,  it  must  be  neither  too  hot,  nor  too  slack  in  the  hole,  or  else  it 
will  bend  before  it  will  thicken  ;  and  then  it  is  impossible  to  iill  the 
hole,  however  powerful  the  machine  maybe.  The  compression  which 
acts  on  the  rivet  should  not  come  upon  it  too  suddenly,  nor  I. 
short  duration  ;  but  should  rather  lie  slow  .  : i < »t  to  leave  the  clo«   1 

rivet  at  too  high  a  temperature.  Perhaps  the  besl  means  of  judging 
good  sound  riveting  is  to  stand  by  when  it  is  being  (Line,  and  to 
notice  how  long  the  rivet  remains   hot.      When  a  clean  rivet   is   well 

closed  in  tight,  it  will  go  black  immediately,  showing  that  the  colder 
metal  round  the  hole  has  in  direct  contact  with  the  rivet  and 

has  abstracted  the  heat  from  it;  while  a  >la<-k  or  dirty  rivet  badly 
closed  will  remain  hot  for  a  considerable  time.     This  will  be 

mice  by  watching  a  good  riveting  machine,  and  then  watching  a 
hand  riveters  who  seem  to  1,.-  giving  more  attention  to  the  aj»j ■< 

the  rivet  than  to  its  us.  fulness  and  purpose.     When  engaged  in 
rork  on  girders,  it  is  astonishing  how  expeditiously  the  men 
can  get  through   riveting,  particularly  i  oap  riveting.     A  f< 

it   blows  from   the  hammer-]  form  a    rov 
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.1,  and  then  halt' a  dozen  blows  on  the  snap  finish  the  rivet  while 
it  is  still  at  a  bright  red  heat ;  but  the  body  of  the  rivet  has  never 
thickened  in  the  hole,  simply  because  the  light  blows  have  not  had 
any  effect  except  just  at  the  point  where  the  snap  head  is  formed. 
What  is  wanted  is  that  the  rivet  should  be  well  forced  into  the  hole, 
either  by  a  steady  pressure  from  a  machine,  or  by  a  succession  of 
good  blows  fair  on  the  end  of  the  rivet ;  and  the  size  and  shape  of  head 
thus  formed  are  only  a  secondary  consideration.  The  end  of  all  rivets 
should  be  perfectly  flat,  or  they  cannot  well  be  driven  home ;  for  a 
bevel  end  will  tend  to  divert  the  blow  somewhat,  and  to  bend  the 
rivet  itself,  after  which  it  can  scarcely  be  expected  to  be  made  a  good 
job.  On  this  account  it  is  not  advisable  to  allow  rivets  to  be  used 
which  have  been  too  long  and  have  been  cut. 

Flues. — Most  of  the  points  already  considered  with  respect  to 
thinning  of  corners,  drilling  of  holes,  and  riveting,  will  apply  equally 
t<  i  the  construction  of  the  two  flue-tubes.  The  form  of  the  flue  will  of 
c<  m rse  be  circular,  obtained  by  bending  the  plates  to  shape  and  welding 
the  longitudinal  seam,  if  it  can  be  called  a  seam.  Before  bending,  the 
<  dgee  must  be  prepared  for  the  smith  by  planing  to  a  suitable  angle, 
either  for  lap  or  for  butt  welding.  All  plates  7-16ths  inch  thick 
and  under  are  laprwelded,  being  bent  and  lapped  over.  Those  over 
7-lCths  inch  thick  are  butt-welded  with  a  V  piece  let  into  the  channel 
formed  by  the  bevelled  edges  of  the  plate.  When  steel  plates 
are  used,  they  are  planed  at  the  edges,  heated  to  a  dull  red  for 
bending,  and  leave  the  rolls  ready  for  the  smith  without  further 
preparation. 

Welding, — For  welding,  long  fires  are  used,  Figs.  20  and  21, 
Plate  111,  with  a  pair  of  long  parallel  tuyeres,  each  containing  a 
row  of  small  blast-pipes,  so  that  a  full  heat  may  bo  obtained  along 
the  whole  length  of  the  seam  at  onco  if  required.  When  tho 
rii.  (raided    under    the    steam    hammer,   five    heats 

rand  sufficient  to  areld  a  ring  of  plate  8  ft.  G  ins. 
•ride.     A:  . < try   ring    should    be  carefully  heated    to  a 

i   along   the  ireld,  and  be  allowed  to  cool    slowly,  so  as  to 
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anneal  the  portions  that  have  been  hammered,  and  thus  set  free  any- 
internal  strains  set  up  in  the  welding. 

Circular  Joints. — For  the  circular  joints  which  connect  the  several 
rings  of  plates  forming  the  flue,  the  ordinary  lap-jointed  seam  is  far 
too  weak  for  the  high  pressures  now  in  use,  and  may  therefore  at 
once  be  discarded.  The  seam  most  generally  adopted  is  the  Adamson 
flanged  joint,  Figs.  16  and  17,  Plate  110;  but  few  even  of  the  best 
makers  seem  to  bestow  as  much  care  on  it  as  was  done  by  the 
originator  himself.  The  radius  of  the  flanging  is  generally  1< 
than  desirable  ;  and  the  liner  ring  of  soft  iron  is  not  always  of 
the  proper  shaj)e.  The  liner  should  be  of  such  a  section  before 
bending  as  will  insure  both  faces  of  the  ring  being  perfectly 
parallel  after  bending,  so  as  to  secure  a  good  joint ;  and  for  this 
joint  steel  rivets  are  most  advisable,  because  they  are  under  a 
tensile  strain  alone.     Among  the  strengthening  eh  that   are  in 

use,  there  is  one  known  as  the  Bowling  or  Bolton  hoop,  Figs.  18 
and  19,  which  perhaps  for  most  purposes  is  a  better  scam  than 
the  Adamson  flanged  joint.  The  hoop  should  be  put  on  hot,  but 
should  not  be  shrunk  on  the  flue  rings  too  tight,  only  tight  enough 
to  bring  the  hoop  and  rings  together,  metal  to  metal.  If  put  on  too 
tight,  there  is  not  only  a  difficulty  in  removing  the  hoop  after 
drilling,  but  there  is  a  probability  that  in  the  flue  rings  groovi 
or  channelling  will  set  in  round  the  edges  of  the  hoop,  as  shown  in 
Figs.  18  and  19,  after  the  boiler  has  been  at  work  a  sin. it  time. 
Like  the  shell,  the  rings  forming  the  flues  should  be  put  together 
blank,  or  with  a  few  tack  or  guide  hole-,  and  then  drilled  i:i  position, 

all  burrs  being  removed  before  the  insertion  of  the  rivets  j  and  the 

same  care  should  be  exercised  as  in  shell  riveting. 

The  strength  of  Hues,  spacing  of  hoops  &C.,  may  generally  1><    I 

with  the  maker,  notwithstanding  that  he  often  follows  custom  rat 

than  science;   but  since  ti  OStom  of  making  flues  with  a 

strengthening  hoop  or  flan  Ives  an  < 

the  usual  practice  all  ample  margin  <  When  how. 

flm  coeaionally  made  without  strengthening  hoops  or  flu 

any  kind,  owing  to  the  want  of  suitable  machinery  for  doing  the  I 
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work,  a  watchful  eye  is  needed,  to  supervise  tlie  construction  not  only 
vi'  the  lines  but  of  the  boiler  as  a  whole. 

Calking. — After  the  shell  and  flues  have  left  the  riveting 
machines,  the  next  process  is  the  calking  of  seams  and  joints,  which 
deserves  more  attention  than  is  occasionally  bestowed  upon  it.  In 
ae  shops  a  number  of  youths  are  employed,  into  whose  hands  the 
calking  tools  are  put  without  any  instructions  as  to  their  proper  use. 
When  this  mistake  is  made,  they  are  sure  to  do  more  harm  than 
good,  increasing  the  tendency  to  leakage,  and  rendering  it  almost 
impossible  for  another  man  to  make  the  work  good  afterwards ;  and 
they  may  niche  the  plate  in  such  a  manner  as  to  lead  to  a  serious 
fracture.  In  the  best  shops  a  foreman  riveter  is  employed  to  see  that 
the  calking  is  properly  done,  and  to  instruct  those  who  have  not 
previously  been  taught  how  to  do  it.  All  the  tools  used  for  calking 
should  be  ground  to  one  uniform  bevel,  excepting  only  for  special  or 
corner  work.  When  the  plate  edges  are  planed  to  the  proper  angle, 
it  is  easy  for  a  practised  eye  to  detect  any  irregular  work.  Calking 
never  strengthens  a  seam,  but  often  weakens  or  damages  it;  and 
before  long  the  writer  believes  that  seams  will  be  made  tight  without 
calking  by  hand  tools,  and  that  this  will  be  accomplished  either 
mechanically  by  abrasion,  such  as  that  produced  by  the  friction  of 
the  ed^e  of  a  revolving  disc  pressed  hard  against  the  edge  of  the 
jdate,  or  else  by  the  use  of  paint  or  cement. 

j;„,/     Plates. — The    shell    and    flues    having    been    calked    are 

idy    for   being  put  together,  and   for  the  ends  to  be  marked  off. 

I-i  building  up  a  shell   or  flue,  say  30  feet  long,  however  carefully 

done,  there  is  always  a  tendency  to  creep,  so  as  to  be  1-lGtli  or  l-8th 

(,f  iin    inch   longer  or  shorter  than  intended.     This  difference  must 

therefore  be  made  up  in  Buehamanner  that  the  end  plates  shall  bo 

quite  flat,  without  the  slightest  straining;  for  any  strain  existing  in 

the  boiler  while  at  rest  would  certainly  be  increased  when  at  work. 

e  best  methods  of  connecting  the  end  plates  to  the 

I   :'  i     are  such  as  will  accommodate  any  little  difference 

there  may  be  in   length  between  shell  and  flues,  the  front  end  being 
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secured  to  an  outside  angle-ring,  while  the  back  end  is  flanged  and 
fitted  inside  the  shell.  The  flues  having  been  run  in,  the  front  end 
plate  is  bolted  up  first,  the  back  ends  being  left  (piite  free.  The  back 
end  plate  is  next  put  in  place,  and  its  flange  is  forced  into  the  shell 
until  the  plate  itself  is  close  up  to  the  flue  ends  ;  the  holes  in  the 
flange  are  then  marked  with  a  centre  punch,  and  the  end  so  centred 
is  taken  down  and  drilled  ;  after  which  all  will  go  together,  and  can 
be  bolted  up  and  riveted  without  producing  the  slightest  pull  on  any 
part,  every  portion  being  left  in  a  state  of  rest. 

As  the  end  plates  are  flat,  they  require  more  care  than  any  other 
part,  in  order  to  insure  that  they  shall  be  of  the  proper  thickness  and 
efficiently  stayed  without  rendering  them  too  rigid.  Expansion  and 
contraction  are  ever  in  operation,  and  being  uncontrollable  must  be 
accommodated;  and  how  to  do  this  1ms  been  a  problem  solved  only 
by  patient  ]>raetice  and  observation.  Were  it  not  for  these 
uncontrollable  forces,  it  would  be  an  easy  matter  to  make  end  plates 
sufficiently  strong  not  to  require  stays  of  any  descrij)tion,  while  even 
light  end  plates  cuuld  be  so  stayed  as  t  i  resist  almost  any  pressure. 
As  it  is  however,  if  the  end  plates  of  a  boiler  are  not  properly 
designed,  their  strength  rapidly  becomes  weakness.  They  must  be 
sufficiently  pliant  to  yield  to  the  varying  expansion  and  contraction, 
without  failing  under  steam  pressure  ;  and  practice  has  shown  that,  in 
well  oonstrncted  Lancashire  boilers,  end  plates  .',  inch  to  K-lGths  inch 
thick,  when  properly  secured  to  the  shell  and  flues  and  properly 
stayed,  may  be  used  witli  safety  for  pressures  up  to  100  lbs.  per 
square  inch.  The  manner  of  securing  the  front  end  plate  to  the 
hhell  is  by  an  outside  angle-ring,  single  or  double  riveted  as  t lit-  cast 
may  require  ;  this  arrangement  admit-  of  good  sound  work,  is  alwa 
accessible,  Looks  well,  and  allows  a  breathing  space  at  the  sides  of  the 
flues  to  accommodate  their  expansiou  and  contraction.  A  similar 
arrangement   at   the   back   (nil   however,  instead   of  the  expensi 

flanged    end,    is    not    suitable.    1<  the    Working    conditions    ;uv 

entirely    different.      The    breathing    Bpace    at    the    hack   end,   to 

Ommodate    the    expansiou    ami    contraction    of    the    lines,    can 

gained  by  reducing  the  diameter  «.t'  each  flue  at  the  back  end;  ami 

this  pj.  -  now  generally  followed,  it  not  only  the 

•J  x 
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above  purpose,  but  also  enables  a  man  inside  the  boiler  to  pass  from 
the  top  side  of  the  fines  to  the  bottom  without  coming  outside. 

For  the  attachment  of  the  fines  to  the  end  plates  the  angle-ring 
connection,  si  1  own  in  Fig.  13,  Plate  109,  is  perhaps  the  oldest  and 
still  the  best  connection.  Many  devices  have  been  tried  to  supersede 
it.  When  the  end  of  the  fine  was  flanged,  as  shown  in  Fig.  14,  the 
root  of  the  flange  was  found  too  weak  to  bear  the  strains  arising  from 
expansion  and  contraction,  and  it  soon  grooved  and  fractured.  In 
order  to  strengthen  the  flange  an  additional  plate  was  riveted  on,  as 
shown  in  Fig.  15,  and  was  flanged  with  the  flue  plate,  so  that  at  the 
flange  there  were  two  thicknesses  of  material.  At  first  sight  this 
seems  a  neat  and  efficient  piece  of  work ;  but  on  many  occasions  it 
lias  been  found  that  the  extra  plate  has  not  strengthened  the  fine  plate, 
i*<  >r  the  flange  of  the  latter  has  been  found  to  groove  through,  and  the 
extra  plate  has  simply  concealed  what  it  was  intended  to  remedy. 
Although  this  -plan  is  still  sometimes  followed,  several  works  in 
which  it  had  been  adopted  have  returned  to  the  old  style,  and  use 
angle  rings,  which  are  not  only  strong  but  easily  made  and  repaired. 
The  connection  of  the  flues  to  the  end  plates  is  the  same  at  the  back 
afl  at  the  front  end. 

Qiuset  Stays. — In  regard  to  the  position  and  mode  of  attachment 
ts,  it  will  readily  be  admitted  that  the  most  uniform 
distribution  of  the  load  will  be  the  best.  The  attachments  to  the 
shell  will  therefore  be  on  the  first  and  second  rings  of  the  shell 
alternately,  with  gusset  plates  between  double  angles,  so  that  the 
rivets  will  be  subject  to  a  double  shearing  strain;  and  the  angles 
should  be  arranged  sufficiently  close  together  to  have  a  fair  grip  on 
the  gusset  plate.  Owing  to  the  flue  attachments,  and  the  expansion 
and  contraction  of  the  flues,  it  is  not  so  easy  a  matter  to  distribute 
the  load  on  the  front  end  plate  as  would  at  first  sight  appear.  The 
cular,  and  if  it  were  not  for  the  furnace  openings  all 
the  gussete  could  radiate  from  the  centre,  as  shown  in  Pig,  2:!, 
Plate  L12;  but  it  i-  found  in  practice  that,  in  order  to  give  a  good 
distributioi  Intermediate  and  (niter  gussets   must  radiate  from 

pen  I  the  end  plate,  as  shown  in  Fig.  21.    This 
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arrangement  evidently  interferes  with  the  free  nse  of  the  ordinary 
angles,  which  invariably  come  to  the  boiler  works  as  right  angles. 
For  the  centre  gusset  radiating  from  the  centre  of  the  end  plate,  this 
is  the  correct  form  ;  but  for  those  radiating  from  any  other  point, 
cither  the  gusset  plates  themselves  must  be  bent,  as  shown  in  Fig.  2o, 
Flate  113,  or  else  the  angles  must  be  altered  to  a  suitable  shape,  as 
shown  in  Figs.  26  and  27.  The  bending  of  the  plates  is  not  advisable, 
seeing  that  a  stay  subject  to  a  tensile  strain  should  always  be  in  a 
straight  line.  It  is  therefore  important  that  the  gusset  plates  should 
be  straight,  and  that  the  angles  should  be  altered  to  a  suitable  shape  ; 
the  latter  however  is  not  an  easy  task,  unless  special  machinery  is 
used.  As  boilers  of  different  diameters  have  the  gussets  radiating 
from  different  points,  the  angle  of  attachment  will  vary  accordingly  ; 
and  therefore  the  general  custom  is  to  knock  the  angle  to  a  suitable 
bevel :  a  piece  of  work  which  is  rarely  satisfactory,  but  as  it  is  in  a 
position  somewhat  inaccessible  it  is  often  allowed  to  pass,  while  if  it 
were  more  visible  it  would  certainly  be  condemned.  In  bevelling 
these  angles,  the  flange  is  indeed  brought  to  the  proper  bevel ;  bat 
the  root  of  the  angle  is  the  same  as  at  first,  leaving  an  ugly  section, 
and  one  not  at  all  likely  to  have  a  good  grip  on  the  plate,  as  shown 
in  Fig.  2G.  If  this  is  to  be  altered,  then  the  only  way  in  which  it  can 
be  done  efficiently  is  either  by  blocking  the  angles  or  by  re-rolling 
them,  as  shown  in  Fig.  27.  Either  process  would  no  doubt  entail  a 
considerably  greater  first  cost  in  jdant;  but  as  only  a  trifling  expense 
in  maintenaiici-  would  be  entailed,  it  appears  to  the  writer  that  the 
improvement  effected  would  be  well  worth  the  cost.    It  is  of  course 

advisable  to  have  all  gUSSet  angles  made  of  mild  steel,  BO  as  DOi  to  be 
troubled  with  the  reedy  fractures  bo  often  found  in  angle  iron  and 
iron  bars  of  similar  section. 

Longitudinal  JJolt  Stni/s.  -When  theend  plates  arc  well  Bnpported 
by  gussets,  longitudinal  boll  stays  are  considered  by  the  writer  to  be 
unnecessary.  When  the  required  Bupporl  can  1»<-  given  to  each  end 
plate  independently  of  the  other,   m   it    is   by   g  it  is  not 

advisable  to  tit:  she  two  end  plates  together  by  rigid  ten-ion  ban, 
such  as  the  Longitudinal  Btays  often  are.    Ji*  the  shell  were  weak  in  a 

'J   t   2 
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longitudinal  direction,  tlien  the  support  afforded  by  longitudinal 
bolt  Btays  would  be  useful;  but  seeiug  that  there  is  already  an  excess 
of  strength  in  the  shell  longitudinally,  the  rigid  bolts  are  worse  than 
uselos.  iiiasniiK'li  as  they  interfere  not  only  with  the  accessibility  of 
the  interior,  but  also  with  the  application  of  such  fittings  as  the  low- 
water  safety-valve,  and,  what  is  most  important,  with  the  expansion. 
and  contraction  of  the  flues  and  shell.  Whenever  these  bolt  stays- 
are  applied  as  a  secondary  support,  they  should  be  left  slack  enough 
to  allow  of  the  boiler  attaining  its  maximum  length  by  expansion 
before  they  are  tight ;  and  a  good  rule  of  thumb  is  to  allow  them  when 
cold  to  sag  downwards  say  4  inches  in  a  length  of  30  feet.  A  loose 
hanger  should  be  added  to  carry  the  weight  of  the  stays,  so  that  in  case 
of  transit  the  vibration  shall  not  be  likely  to  break  them,  as  has  many 
times  been  the  case.  Where  there  are  no  gussets,  then  longitudinal 
Btaya  serve  quite  another  purpose  ;  and  in  many  cases  where  they  have 
1  >een  used  in  cylindrical  boilers  externally  fired,  they  have  served  a 
good  purpose  when  seam  rents  have  occurred,  in  keeping  the  parts. 
together;  and  although  they  have  not  prevented  an  explosion,  they 
have  reduced  the  extent  of  damage  to  narrower  limits. 

Seeing  that  all  the  rivets  holding  the  front  end  plate,  and  many 
of  those  at  the  back  end,  are  subject  to  a  tensile  strain,  it  is  advisable 
that  as  many  of  them  as  possible  should  be  riveted  by  machine,  as 
hand-work  docs  not  compare  favourably  with  good  machine- work. 
Moreover  countersinking  the  holes  tends  to  strengthen  the  gusset- 
stay  riv< 

V  uniing  Blocks  or  Stand-pipes. — These  are  now  generally  made  of 
wrought-iron  or  mild  steel,  and  by  two  different  processes.  In  some 
bb  they  are  made  of  angles  of  Bpecia]  section;  in  others  they  are 
made  of  ordinary  plate  cut  to  shape,  flanged  at  both  ends,  and  the 
top  flange  strengthened  by  having  a  plate  or  washer  welded  to  it. 
The  Latter  pn  ppeara  preferable  to  the  use  of  angles,  because 

with  angles  Li  Lb  not  an  easy  matter  to  bring  to  shape  a  heavy  section 

is   required,  without   the   risk  of  making  an 

(  al  Btand-pipeB  are  occasionally  used ;  but  the 

wj.  tirably  impressed  with  these,  having  seen  more  than 
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one  flange  broken  in  bedding  to  the  plate ;  moreover  they  are 
sometimes  found  to  be  so  porous  as  to  give  much  trouble  in  leakage. 
For  the  manhole  mouthpiece  probably  the  best  fitting  is  the  raised 
wrought-iron  or  mild-steel  mouthpiece,  double-riveted  to  the  shell 
with  rivets  not  too  close  in  pitch,  and  with  a  doubling  plate  or 
compensating  ring  on  the  underside,  as  shown  in  Fig.  29,  Plate  114. 
For  size  of  or^eningit  is  found  that  1  ft.  4;V  ins.  diameter  is  sufficiently 
large  to  admit  any  ordinary  man  to  pass  through,  or  any  of  the 
internal  fittings  used  in  the  boiler.  The  manhole  cover  should  also  be 
of  wrought-iron  or  mild  steel,  of  not  too  heavy  a  section,  say  1  inch 
thick,  cambered  2  inches,  and  secured  by  sixteen  bolts  of  1  inch 
<liameter.  Such  a  manhole  and  cover  have  been  tested  by  water 
pressure  to  1,000  lbs.  per  square  inch,  without  the  slightest  sign  of 
distress.  A  light  cover  is  more  easily  handled  and  jointed  than  a 
heavier  one  ;  and  with  a  good  number  of  bolts,  the  failure  of  any 
bolt,  or  the  oversight  of  one  not  being  screwed  up  tight,  is  of  less 
imjiortance  than  if  only  a  dozen  bolts  were  used  of  1J  inch  diameter, 
as  is  often  the  case  at  present. 

Hydraulic  Testing. — The  final  stage  through  which  the  boiler 
has  to  pass  before  leaving  the  maker's  works  is  perhaps  the  most 
important,  though  not  always  so  regarded.  It  has  often  been  argued 
that  the  hydraulic  test  i>  of  little  use;  in  this  view  however  the 
writer  docs  not  entirely  agree,  for  although  the  Lancashire  boiler 
is  of  such  a  form  that  the  strength  of  every  part  may  be  ascertained 
with  a  fair  amount  el"  accuracy,  still  the  hydraulic  tot  has  before 

now   revealed    defects    which    would    otherwise    have    escaped    notice. 

For  instance  the  <_rus>ets  may  t<»  outward  appearance  be  good  and 
firm,  and  yet  may  he   fractured   through    the   line  of  rivets  ;  and   the 

same  might  be  the  case  with  the  bottom  flange  of  the  manhole. 
Many  parts   may  he   <  rerlooked   by   the   workman  ;    ami   even    tic 

foreman  cannot  he  .cry  Little  .1.  tail.      For    testing  a 

boiler  the  writer's  recommendation  La  to  proceed  as  follows:  after 

making  all    joints  good,  connect  a  .-mall    steam-pipe,  and   turn   steam 

into  the  boiler  until  there  Is  a  pressure  i  I  Lbs.  per  square  inch, 

when  any  Leakages  a1  places  doI  soundly  calked  ox  at  Loose  riji 
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OtB  readily  be  found.  These  can  then  bo  chalked,  and  the  steam 
blown  out  ;  the  boiler  being  warm  will  soon  get  dry  for  the  men  to 
calk  the  leaky  parts,  which  when  dry  are  made  good  with  about  half 
the  trouble  entailed  in  calking  a  wet  seam  ;  in  fact  it  is  often 
impossible  to  calk  a  joint  tight  with  a  layer  of  water  between  the  plates. 
After  calking  the  visible  leakages,  every  fitting  intended  to  be  used 
when  in  working  trim  should  be  placed  in  position,  the  boiler  filled 
with  cold  water,  and  tested  by  slowly  increasing  the  pressure  until 
the  working  pressure  is  reached,  when  a  "general  survey  should  be 
made  of  all  parts  of  the  shell  and  the  inside  of  the  flues ;  any 
leakages  should  be  marked,  the  pressure  released,  and  all  weeps 
calked.  Then  should  follow  the  final  test,  which  may  be  arranged 
either  with  the  fittings  in  position  or  with  blank  flanges  on  the 
stand-pipes ;  and  the  required  pressure  should  be  provided  for  by 
properly  loading  the  safety-valves. 

Here  it  has  to  be  decided  what  is  the  proper  test-pressure  to  apply. 
Testing  the  boiler  to  ascertain  its  fullest  strength  would  mean 
testing  it  to  destruction  ;  and  even  before  this  extreme  was  reached  the 
boiler  would  be  seriously  injured.  There  is  therefore  what  seems  a 
great  difference  of  opinion  among  engineers  as  to  the  proper  limit  of 
test  pressure,  which  has  been  variously  given  at  from  1^  times  to  twice 
the  working  pressure ;  but  a  closer  consideration  goes  to  show  that 
there  is  not  a  great  difference  after  all.  For  those  who  go  in  for  a 
high  test-pressure  go  in  also  for  a  high  factor  of  safety ;  and  those 
who  advise  a  moderate  test-pressure  require  only  a  moderate  factor. 
I  i  instance,  a  test  of  double  the  working  pressure  with  a  factor 
of  6  ifl  about  equivalent  to  a  test  of  lh  times  the  working  pressure 
with  a  motor  of  4L  ;  in  each  case  the  test  pressure  amounts  to  one- 
third  of  the  assumed  bursting  or  collapsing  pressure,  and  is  a  test  that 
may  sad  applied  to  most  materials  in  engineering.    The  safest 

plan  fch<  r<  fore  appears  to  be  to  arrive  at  the  bursting  and  collapsing 
by  careful  calculation,  and  then   to  adopt  a  test  pressiiK 
rdingly. 

i   the  final  test  the  boiler  should  be  again  tilled  with  water,  and 
al]  Ily  gauged  when  at  rest.     The  flues  should  be  gauged 

both  horizontally  and  vertically  ;   and  a   good  way  of  doing  this  is   to 
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fix  light  battens  across,  the  lighter  the  better,  just  tight  enough  to 
hold  themselves  in  position  at  right  angles  to  each  other ;  when 
under  test,  any  deviation  from  the  original  form  will  at  once  show 
itself  by  bending  one  batten  and  allowing  the  other  to  fall  out ;  the 
amount  of  deflection  can  then  be  easily  measured.  The  flat  irregular 
surfaces  of  the  end  plates  however  are  the  most  important,  and 
should  be  carefully  lined  off,  and  light  strings  stretched  tight 
across  at  say  one  inch  distance  from  the  plate  ;  then  by  inserting 
a  taper  gauge  or  wedge,  Fig.  10,  Plate  109,  between  the  string 
and  the  end  plate,  the  slightest  trace  of  yielding  can  be  discovered, 
measured,  and  recorded.  After  seeing  that  all  is  in  readiness, 
the  pressure  may  be  applied  up  to  the  working  limit,  at  which 
all  parts  should  be  carefully  gauged  and  noted.  Should  there 
be  no  yielding  of  importance,  then  the  pressure  may  be  increase  •  ! 
up  to  the  test  limit  by  gradual  increments  of  10  lbs.  or  15  11».. 
a  sharp  watch  being  kept  on  all  sides  at  each  increment.  AVhen 
the  ultimate  limit  is  reached,  a  strict  examination  should  be  made 
of  all  parts,  and  accurate  gaugings  taken ;  these  will  generally 
occupy  about  half  an  hour,  during  which  time  the  pump  should  not 
be  used,  in  order  that  any  fall  of  pressure  may  then  be  seen.  If  I 
pressure  has  been  maintained  within  one  or  two  pounds  during  this 
time,  it  may  then  be  r.  .  and  gauging-  again  taken,  and  compare  <1 

with   the   original    gaugings  taken  before  the  pressure   was   applied, 
when  any  permanent  set  or  deflection  will  be  at  once  apparent.     It 
far  satisfactory,  the  water  may  be  run  out ;  and  a  careful  examination 

of  all  internal  parts  should  be  made,  particularly  of  the  gUSSCts,  and 

of  all  rivets  that  are  in  tension,  as  these  do  occasionally  go  wroi 
especially  in  inferior  work  or  with  indifferent  matt  rial. 

If  all  parts  hav<  found  to  stand  the  testing  satisfactorily, 

the  boikr  maybe  pronounced  quite  equal  t<»  the  requirements,     Ei 
when  forwarded  to  il  tination  it  should  happen   to  have   h 

subjected  to  unusually  rough  treatment  during  transit,  it  Lb 

plan  to  have  it  plf  t  building  in.  ami  then 

to  fill  it  with  cold  watt  r,  when   any  I  i  |  is  that  may  ha\e  1 

shaken    can  he   re-calked  J   but   there   IS   UO  any  further 
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Wherever  the  views  set  forth  in  the  present  paper  are  thoroughly 

carried  out  in  practice,  there  can  be  no  doubt  that  the  trouble  and 

Involved  in  giving  effect  to  them  are  judicious  ;  and  the  user  can 

assured   that   he  has  a  boiler  which   will  reflect  credit  on  the 

maker,  and  if  well  kept  will  give  entire  satisfaction  to  himself. 


Discussion. 


Mr.  Boswell  exhibited  some  test  pieces  which  he  had  brought  to 

show  the  material  that  was  met  with  in  every-day  practice  in  boiler 

:  ks  ;  they  were  not  selected  pieces,  but  had  simply  been  taken  at 

random  as  ordinary  specimens.     There  were  also  shown  two  samples 

of  riveting,  planed  down  to  the  centre  of  the  rivets,  from  which  it 

could  be  seen  how  differently  the  rivets  had  been  put  in.     One  of  the 

done  contained  two  machine-rivets,  one  of  which  had  been  closed 

with  the  rivet  clean,  after  the  scale  had  been  shelled  off  by  means  of 

a  cold-water  spray ;  while  the  other  had  been  closed  with  the  rivet 

-imply  taken  straight  from  the  furnace.     In  the  former  it  would  be 

D  that  there  was  almost  j^erfect  metallic  contact  between  the  rivet 

and  the  plates,  whereas  the  other  rivet  showed  a  distinct  layer  of 

black  oxide  or  slag  on  each  side  of  the  hole.     The  second  section 

contained  three  rivets,  one  of  which  had  been  closed  in  clean  by  the 

riveting  machine,   and   filled  the  hole  well.     The  second  rivet  had 

D  pnt  in  just  ;is  was  so  commonly  done  in  girder  work,  by  simply 

striking  a  few  light  blows  on  the  end  of  the  rivet  with  the  hammer, 

i  then  snapping  it  as  early  as  possible,  so  as  to  make  a  good  snap 

id,  bat  producing  do  tension,  and  not  filling  the  hole.     There  had 

difficulty  in  keeping  this  rivet  in  position  while  planing, 

in  the  hole;  and  it  could   now  be  taken   out 

lily.    The  third  rivel  had  been  put  in  by  hand  as  would  be  done 

in  high-class  boiler  making,  in  which  the  first  care  was  to  drive  the 

1 11  into  the  hole,  and  a  little  less  attention  was  then  paid  to 

•  n  that  the  hole  was  as  well  filled  by  the 
...  machine  rii 
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The  paper  was  given  not  as  representing  the  practice  in  any 
particular  works,  but  as  containing  Lis  own  views  of  what  should  be 
done,  as  derived  from  an  experience  gained  by  passing  through  some 
of  the  principal  boiler  shops  in  the  country.  It  did  not  therefore 
describe  either  what  was  being  done  or  what  was  not  being  done  in 
any  particular  instances  ;  but  presented  his  own  views,  which  he  hud 
previously  more  or  less  advocated,  as  to  what  was  best  to  be  dene  or 
to  be  avoided  in  boiler  construction.  There  were  many  points  of 
importance  to  which  full  justice  could  not  be  done  within  the  limits 
of  the  juvseiit  paper.  One  of  these  was  the  gauging  of  the  end 
plates  under  pie-sure,  by  stretching  a  string  across  them  on  a  couple 
of  distance  blocks.  It  was  customary  then  to  measure  the  bulging 
by  means  of  an  ordinary  rule,  by  which  the  deflection  could  be 
measured  to  about  1-6-lth  of  an  inch  :  but  by  means  of  the  simple 
light  wedge-shaped  Lran,Lr<;  now  exhibited,  Fig  10,  Plate  l11'.'.  made  to 
an  angle  of  15  or  about  1  in  -1,  the  measurement  waa  read  at  any  part 
t«»  l-200th  of  an  inch  with  great  accuracy  ;  the  smaller  the  angle,  the 
more  accurate  would  be  the  reading.  The  gauge  was  made  of  thin 
sheet  steel,  and  afforded  a  simpler,  quicker,  and  more  correct  way  of 
making  these  measurements  than  by  the  use  of  the  ordinary  rule. 

Professor  Alexahdeb  15.  W.  Kennedy,  Vice-President,  said  that, 
in  common  with  others  who  were  not  boiler-maken  but  users  of 
boilers,  lie  should  much  like  to  learn  something  about  the  advantaj 
and  disadvantages  of  using  boilers  of  the  kind  now  described  at 
pressures  of  from  150  lbs.  to  200  Lbs.  per  square  inch.  Though  this 
particular  point  had  not  been  touched  upon  in  the  present  paper 
dealing  with  the  construction  <»f  the  boiler,  it  was  a  burning  question 
with  many  engineers,  and  lie  thought  might  be  fairly  coi  siderod  in 
the  discussion,  because  the  use  of  Lancashire  boilers  under  such 
high  pressures  was  no  doubt  intimately  connected  with  the  manner  in 
which  they  were  manufactured. 

Mr.  Dbuttt  Balpin  considered  the  range  giren  in  page  186  for  the 
tensile  Btrength  of  sta  |  tor  boihr  plates,  namely  from  26  to  :'.'>  toss 

per  inch,  might  with    the    mat.  rial    now    availahle    1  1    a 
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(Mr.  Droit!  Halpin.) 

little  higher,  say  from  28  to  32  tons,  allowing  still  the  same  range  of 
I  tons.  This  stronger  material  be  found  gave  also  rather  more 
extension,  namely  25  per  cent,  in  a  length  of  ten  inches.  The 
extension  he  thought  should  fairly  be  taken  in  connection  with  the 
breaking  strain,  and  if  the  two  were  multiplied  together  their  product 
formed  a  useful  factor  to  which  to  refer  the  material  tested;  if  the 
breaking  strain  was  less  and  the  elongation  proportionally  more,  so 
long  as  their  product  remained  pretty  nearly  the  same,  the  material 
was  a  safe  one.  AVith  the  present  material  the  factor  he  considered 
might  be  from  700  to  800,  instead  of  only  from  500  to  600  for  the 
material  dealt  with  in  the  paper.  He  agreed  with  the  author  that 
too  much  confidence  should  not  be  placed  in  the  reduction  of  sectional 
area  at  the  point  of  fracture,  for  he  had  never  been  able  to  see 
the  use  of  knowing  how  much  the  material  contracted  in  area  at 
the  place  of  rupture.  Elongation  he  thought  was  a  much  more 
rational  test. 

With  regard  to  the  size  of  the  steel  boiler  plates,  he  thought  the 
author  was  right  in  assuming  that  plates  could  now  be  got  long 
enough  to  go  right  round  the  boiler ;  at  any  rate  this  was  the  case 
with  land  boilers,  up  to  8  feet  diameter.  A  boiler  constructed  of 
rings  made  each  in  one  piece  from  a  single  plate  had  the  great 
advantage  that  all  the  longitudinal  seams  could  be  kept  away  from 
the  lire  and  clear  of  the  brickwork  on  each  side,  the  necessary 
strength    being  obtained   by  riveting  the  joints  with   double  butt- 

ps,  and  without  thinning  the  ends  of  the  straps.     In  the  latter 

n  spect  however  he  had  lately  gone  a  little  further  by  adopting  a 

plan  which  he  believed  had  first  been  brought  out  for  marine  boilers, 

i  which  he  thought  was  :m    exceedingly  good  way  of  avoiding  the 

ity  when   using  the  donble  butt-straps  of  tucking  the  end  of 

either    strap    under    the   edge   of   the    next    plate.     The    ends    were 

Orally  tucked    under    in    the  manner    shown    in    Figs.    7    and    8, 

Plate  L 08,  which  Led  to  the  straps  being  pu1  into  the  fire  for  thinning 

their  ends,  and  did  not  make  so  good  a  job.     The  plan  followed  in 

boilers  was  simply  to  put  an  additional  patch-strap  over  the 

i  of  the  butt-strap  where  it  batted  against  the  edge  of  the  oext 

plaJ  bows  in  Figs.  5  and  6;  the  patch-strap  was  secured  in  place 
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by  the  final  row  of  four  rivets  in  the  end  of  the  butt-strap  and  by  the 
four  corresponding  rivets  in  the  circular  Beam.  By  that  means  all 
thinning  of  the  butt-strap  ends  was  got  rid  of.  There  was  ako 
another  way  of  accomplishing  the  same  object,  which  he  had  heard  of 
lately;  it  was  simpler,  and  he  had  heard  it  was  efficient,  but  he  had 
not  tried  it  himself.  It  consisted  in  putting  one  additional  rivet  in 
the  centre  of  width  of  the  butt-strap  at  its  very  junction  with  the 
edge  of  the  next  plate,  so  as  in  that  way  to  close  what  was  of  con 
the  worst  part  of  the  joint,  where  the  butt  joint  crossed  the  edge  of 
the  cylindrical  joint. 

AVith  regard  to  riveting,  he  quite  agreed  that  too  much  attention 
could  not  be  given  to  any  hand-riveting  that  had  to  be  done  in  boiler 
work.  There  was  now  so  much  machine-riveting  that  it  seemed  a> 
though  hand-riveting  were  deteriorating,  or  at  any  rate  wanted  more 
looking  after  ;  for  one  serious  trouble  that  was  always  met  with  in 
hand-riveting,  especially  in  steel  boilers,  was  when  the  rivets  wew 
snapped  ;  there  was  then  much  difficulty  in  keeping  the  men  from 
cutting  the  plates  themselves,  in  order  to  make  what  they  considered 
a  neat  finish. 

For  the  flues  h-  I   that    the   Adamson    flanged  joint  was 

generally  made  with  too  small  a  radius  for  the  Hanging  :  the  larger 
the  radius,  the  better  would  it  lie  for  the  joint,  which  would  thereby 
be  allowed  the  elasticity  that  was  wanted  on  account  of  the  expansion 
and  contraction.     The  Bowling  hoop  he  thought  was  not  so  good  is 

the  Adamson  flanged  joint.  1  i  as  a    rule  the  hoop  was   made  l'ai 

too  stilt',  so  that  it  had  but  little  ela  ;    in   addition   to   this 

objection,  it   had  two   row-  of  rivets   tighl  in   the  tire,  which  was   not 

the  case  with  the  Adamson  flanged  joint,  where  the  whole  of  the 

rivets  were  away  from  the  li: 

Calking  was  a    process  which,  a-  done  by  hand,  lie   himself  ft 

allowed  in  any  boilers  thai  In-  had  t'>  do  with.     If  a  boiler  could  not 
he  got  tight  with   hare  fullering  only,  the  riveting  must  he  bo  bad 
that  it  had  better  he  1.  it  alone,  especially  where  all  the  plat 
had  been  planed  and  all  the  holes  drilled,  a-  tiny   should  he.     A 
pneumatic  tool  however  was  exhibited,  which  had  i 

and  lie  thought  n\  i  od  oontrivi  >y  machine. 
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1:  was  worked  by  compressed  air,  and  gave  a  very  rapid  succession 
of  Mows  of  uniform  force ;  lie  understood  it  did  good  work  in  careful 
hands,  and  cheaper  than  hand  calking,  hut  he  had  not  seen  it  in 
ration. 

Gusset  stays  were  certainly  difficult  to  deal  with,  especially  in 

gard  to  the  angle-irons  attaching  them  to  the  barrel  of  the  boiler, 

as  shown  in  Figs.  25  to  27,  Plate  113.     In  the  end  elevation  in 

Fig.  _  I.  Plate  112,  the  gusset  stays  were  shown  well  apart  from  one 

another  and  from  the  flues,  which  was  a  great  advantage  in  giving  the 

boiler  end-plates  room  for  breathing ;  and  he  hoped  the  author  would. 

also  show  what  he  considered  the  best  practice  in  the  longitudinal 

direction  as  wrell,  which  would  render  the  construction  of  these  stays 

more  completely  clear.     [See  Fig.  22,  Plate  111,  added  accordingly.] 

With  regard  to  the  mountings,  he  certainly  did  not  like  these  to 

be  made  of  cast  steel ;  it  was  too  porous,  and  wras  now  made  far  too 

brittle.     In  some  steel  castings  that  he  had  known  of,  it  had  been 

found  that  when  tested  for  tensile  strength  they  barely  stood  one 

ton  per  square  inch. 

Mr.  William  Schonheyder  agreed  in  the  great  desirability  of 
having  all  the  rivets  slightly  chilled  on  the  outside  by  a  water  spray, 

as  to  remove  all  the  scale  before  putting  them  into  their  holes ;  it 
was  interesting  to  see  the  close  joint  thus  obtained  in  the  specimens 
now  exhibited.  If  it  wras  desirable  to  treat  the  rivets  in  this  way,  it 
was  equally  desirable  to  produce  the  same  effect  in  the  plates  :  not  of 
course  by  beating  them  and  cooling  them  with  water,  but  by  removing 
the  scale  in  some  other  way.  This  was  sometimes  done  by  immersing 
the  plate  in  acid,  thereby  removing  all  the  scale  from  it.  That 
made  ,*i  much  closer  joint,  and  enabled  calking  to  be  done  away  with, 
because  the  plate  bad  then  a  clean  surface  all  through  the  joint, 
instead  of  being  here  and  there  covered  with  scale;  unless  the  scale 
were  removed,  the  joint  was  not  made  with  a  perfectly  smooth 
which  was  quite  as   important  in  the  plates  as  in  the  rivets. 

Til*:  undue   stiJffb  en    to   the   Adamson   flanged  joint,   by 

flanging    the    plates    to   too  small  a    radius,    had   been  properly 

I  up  .]i  :  and  the  Bowling  hoop  he  thought  was  rendered 
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quite  useless  by  being  made  far  too  stiff,  as  shown  in  Fig.  18, 
Plate  110.  In  the  front  view  of  the  boiler,  Fig.  24,  Plato  112,  the 
innermost  rivets  of  the  gusset  stays  were  rightly  shown  at  a 
considerable  distance  from  the  flues  ;  and  he  should  be  glad  to  know 
whether  that  drawing  was  intended  to  represent  what  was  the  usual 
practice.  A  distance  of  about  9  inches  from  the  centre  line  of  the 
circle  of  rivets  round  the  flue  to  the  nearest  rivets  of  the  gusset  stays 
he  believed  was  considered  necessary :  the  more  the  better.  But  in 
making  boilers  of  this  description  he  thought  it  might  be 
advantageous  to  go  a  step  further;  and  instead  of  a  breathing  spa 
of  0  inches,  the  whole  width  of  the  end-plate  might  be  given  as  a 
breathing  space,  by  simply  strengthening  the  flat  end-plate  with 
girders  instead  of  putting  in   gufi  vs.     This  was  a  plan  he  had 

adopted  in  several  cases,  where  certainly  the  preSSUH  B  were  not  high  ; 
and  it  seemed  to  him  that  it  gave  the  whole  end-plate  a  much  freer 
breathing    space    than   when   gusset   stays   were   used.     When   th< 
were  so  dispensed  with,  the  longitudinal  Btrain  would   i  3e  come 

upon  the  angle-iron  which  fastened  the  end-plate  to  the  shell ;  it 
did  not  follow  however  that  this  would  give  rise  to  any  difficulty  at 
all.  Longitudinal  bolt-stays  he  thought  were  properly  condemned 
in  the  paper,  at  least  t<>  a  certain  extent  and  for  most  purposes.  It 
was  impracticable  to  arrange  them  in  such  a  manner  that  ti 
should  always  do  their  duty.     If  the   g  stays  were  carried   too 

near    the    flues,    tiny    gave    too   much   stillness;     and   similarly    the 
longitudinal  bolts  would  also  give  too  much  stitfi. 

For  strengthening  the  boiler  shell    at    the  manhole,  he  OOnsiden    1 

that  the  addition  of  the  doubling  plate  or  compensating  ring  inside 

the   boiler,  as   shown   in    Fig.    29,    Plate    111.  was  practically  Useless, 

unless  the  plat     wafl  almOSl  COVI  n    1  all  over  with  rivets   uniting  Li 

the  shell  of  the  boil.    .      Othei  no  Btrain  in  the-  circumferential 

direction  could  be  brought  on  the  doubling   plate  until  it  was  drawn 

;•  nearly  straight,  as  would  be  l"  in  a  en  ion 

of  the  boiler.     If  the  boiler  shell-plate  outside  was  steam-tight,  and 
the  doubling  plai  baring  also  the  same  curvature  was  riveted 

to  the  shell  along  the  bottom  edge  only,  by  the  single  longitudinal  row 

of  rivets  shown   in  Pig,  "J'.',  it  WIS  impossible  for  any  circumferential 
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nie  upon  the  inner  plate  until  it  was  drawn  straight.  If 
it  were  intended  really  to  strengthen  the  boiler  at  the  manhole,  it 
sin  mill  he  riveted  steam-tight  to  the  shell,  and  in  addition  a  few 
leakage  holes  should  he  made  in  the  shell  itself.  Then  the  inside 
plate,  being  pressed  outwards  against  the  shell  by  the  internal  steam 
pressure,  would  act  in  the  manner  wished  ;  but  certainly  not,  when 
merely  fixed  as  shown  in  Fig.  29. 

Although  the  paper  did  not  treat  upon  the  design  of  Lancashire 
boilers,  but  upon  details  of  their  construction,  there  was  one  point  in 
the  design  of  such  boilers  which  was  important  for  enabling  their 
construction  to  be  carried  out  properly,  namely  the  arrangement  of 
the  circumferential  seams  so  that  those  in  the  shell  should  be  quite 
clear  of  those  in  the  flues.  This  was  important  not  only  in  the 
original  construction,  but  more  esj^ecially  with  regard  to  subsequent 
repairs.     It  would  therefore  be  a  great  benefit  if  the  author  would 

ea  longitudinal  section  of  the  boiler,  showing  various  details  of 
that  kind,  which  were  sometimes  overlooked  with  great  disadvantage 
ko  the  future  use  of  the  boiler.  [See  Fig.  28,  Plate  113,  added 
accordingly.] 

Mr.  William  H.  White,  Member  of  Council,  thought  that  the 

■  ject  of  test  pressures,  though  referred  to  in  the  paper,  had  scarcely 

been  adequately  treated  in  the  light  of  present  experience  with  other 

kinds  of  boilers.     In  the  Admiralty  practice  for  marine  boilers,  as 

was  known,  the  principle  of  making  the  test  pressure  a  multiple  of 

the  working  pressure  had  been  departed  from,  and  it  was  considered 

more    satisfactory  to   have  a   certain   constant   margin  beyond   the 

working  pressure  :  that  is  to  say,  the  test  pressure  was  the  working 

re    plus   a   constant.      This    practice   had   led    to   a   sensible 

I  Lction  in  tin-  weight  of  marine  boilers  and  in  the  thickness  of  their 

il-.     There  had  now  been  some  years'  experience  of  working  on 

Lines,  and  there  had  been  no  trouble  whatever.    The  internal 

boilers  bad  not  been  reduced  below  what  was  considered 

the  best  marine  practice;  but  in  the  shell  plating  on  the  new  plan 

thai  •    ible  saying  in  weight,  with  no  loss  of  efficiency.    It 

lit  be  within  tin;  knowledge  of  many  present  that  Mr.  John  Scott 
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of  Greenock,  Laving  made  an  experimental  boiler  shell  in  accordance 
with  the  Admiralty  practice,  had  not  succeeded  in  testing  it  to 
destruction  by  hydraulic  pressure,  because  it  declined  to  be 
destroyed,  the  leakage  exceeding  the  pumping  power  before  the 
bursting  pressure  could  be  reached ;  he  had  tested  it  m<  Mst 
thoroughly,  and  had  given  an  account  of  the  testing  in  the 
Transactions  of  the  Institution  of  Naval  Architects  (1889,  page  285). 
So  far  as  his  own  knowledge  went,  he  thought  the  statement  in  the 
paper  (page  500)  was  not  quite  correct,  that  those  who  advocated  a 
high  test-pressure  advocated  also  a  high  factor  of  safety. 

Mr.  John  A.  F.  Aspinall  mentioned,  with  regard  to  the  thinning 
of  the  corners  of  the  plates  and  afterwards  annealing  them,  that  in 
locomotive  boilers,  wherever  a  plate  had  to  have  its  corners  thinned, 
it  was  always  the  practice  to  anneal  it  after  it  had  been  brought  to  its 
proper  shape.  For  instance  the  front  plate  of  a  fire-box,  or  any 
other  plate  which  had  been  flanged  and  had  then  had  its  corners 
thinned,  was  invariably  annealed  after  the  whole  of  the  work  had 
been  completed  upon  it  in  the  way  of  flanging,  drilling,  and  thinning 
down  the  corners,  in  order  that  the  annealing  might  leave  the  metal 
in  a  perfectly  quiescent  state,  free  from  all  internal  strains.  Where 
plates  had  not  been  thoroughly  annealed  after  the  corners  had  been 
thinned,  but  without  reheating  had  merely  been  placed  while  hoi  in 
saw-dust  or  ashes,  he  had  known  them  break  in  the  boilers  after 
perhaps  twelve  months'  work.  This  showed  that  the  thinning  down 
and  partial  heating  set  np  internal  strains  which  were  difficult  to 
rid  of  otherwise  than  by  thorough  annealing. 

With  respect  to  calking.  <>r  more  properly  fullering,  probably 
some  of  the  members  who  visited  the  Eorwich  Locomotive  works  at 
the  recent  summer  meeting  had  Been  tin  re  one  of  the  pneumatic 
calking  tools  driven  by  compressed  air,  like  those  now  exhibited.  j|< 
had  lately  been  told  by  a  prominent  boiler-maker  in  Lancashire  thai 
he  had  osed  these  tools  to  ■  considerable  extent,  and  thai  an 
important  saying  of  labour  was  the  result  Bo  far  as  his  own 
experience  al  Eorwich  was  concerned,  he  had  merely  used  one  thus 
tar  for  experimental  purpoa  -  j  it  had  done  good  work,  and  bo  la: 
,i;M  see  it  waa  i  tool  of  great  promi 


510  BOII.kk   CONSTRUCTION.  Oct.  1S:M. 

(Mr,  John  A.  F.  Asjinall.) 

With  regard  to  removing  the  burr  from  the  rivet-holes  after 
drilling  (page  490),  he  had  tried  an  experiment  on  this  point  some 
\(  una  ago*  with  riveted  joints,  and  had  found  that  by  taking  the  burr 
off  to  the  slightest  possible  extent,  not  more  than  a  mere  scraping  of 
the  edge  of  the  holes,  a  material  increase  in  the  strength  of  the  joint 
was  obtained  in  the  testing  machine.  The  rivets  did  not  shear 
anything  like  so  soon,  because  the  sharp  edge  was  taken  away  ;  and 
in  joints  proportioned  with  only  a  narrow  margin  of  safety  he  had  no 
doubt  it  would  be  a  great  advantage  slightly  to  scrape  oif  all  the 
idges  of  the  rivet-holes,  not  to  the  extent  of  countersinking,  but 
merely  taking  oft'  the  very  edges. 

Mr.  Henby  D.  Marshall,  Member  of  Council,  said  his  own  practice 
was  principally  with  locomotive  boilers,  and  he  would  not  attempt 
therefore  to  go  into  the  details  of  Lancashire  boilers ;  broadly 
however  he  agreed  with  the  remarks  that  had  been  made  by  previous 
speakers. 

Mr.  Kali'ii  H.  Tweddell  said  that,  although  not  himself  a  boiler- 
maker,  he  had  been  consulted  in  reference  to  boiler-making  of  all 
kinds — stationary,  marine,  and  locomotive — for  nearly  thirty  years. 
The  present  paper  therefore  dealt  with  a  subject  full  of  interest  to 
him  ;  and  he  considered  it  was  eminently  one  of  those  practical  papers 
that  were  calculated  to  provoke  discussion  ;  and  after  all  it  was 
discussion  lie  thought  which  was  wanted,  and  for  which  a  paper  on 
any  subject  should  really  be  only  the  ground-work. 

Calking  was  a  process  which  he  considered  ought  to  be  altogether 
eliminated  from  the  boiler  shop;  it  might  as  well  be  attempted  to 
make  a  pistOE  steam-tight  by  calking,  as  a  boiler  seam.  Calking 
M  done  in  the  old-fashioned  way  was  simply  a  means  by  which, 
bad  been  well  put  together  by  riveting,  a  bad 
workman  tried  to  undo  tin;  work  that  had  already  been  done,  and 
t  ,    make    occasion    for   another   .job   later   on.      That   object  was 

by  using  a  Bharp  calkin-  too],  inserted  first  of  all 


Honi  of  the  Institution  of  Civil  Enginecri  of  belaud,  vol.  xvi,  1885, 
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with  great  care  at  the  very  nick  of  the  joint,  and  acting  upon  as 
small  an  area  as  possible,  and  struck  as  heavy  a  blow  as  possible  with 
a  hammer.  Then  the  fullering  tool  came  afterwards,  to  conceal  the 
mischief  done  by  the  calking  chisel.  It  would  be  remembered  that 
at  a  former  meeting  Mr.  Webb  had  described  (Proceedings  1881 
page  260)  how  at  Crewe  he  did  not  calk  boilers  at  nil,  but  fullered 
them  witli  a  tool  having  a  half-round  edge,  which  when  hammered 
into  the  plate-edge  had  of  course  no  tendency  to  lift  the  plate 
up  and  thereby  open  the  joint,  but  simply  forced  part  of  the  metal 
down  if  required  against  the  plate  beneath,  thereby  making  the  joint 
tighter.  That  was  what  he  considered  quite  a  fair  thing  to  do  ; 
and  that  was  all  that  ought  ever  to  be  required  in  a  boiler  in  the  way 
of  calking.  If  anything  more  was  required,  then  either  the  riveting 
was  bad,  or  the  plating  Mas  bad,  or  both  ;  and  he  thought  it  was 
certain  that  boilers  should  be  made  perfectly  >team-tight  without 
calking.  The  pneumatic  calking  tool  now  exhibited  was  no  doubt  an 
ingenious  instrument,  and  with  a  properly  shaped  end,  such  as  he 
had  mentioned  as  being  used  at  ( 'n  we,  it  no  doubt  did  the  work  well. 
In  the  principle  there  was  nothing  novel.  Fifteen  or  sixteen  years 
ago  he  had  been  concerned  in  calking  a  boiler  with  a  rock  drill  on 
the  same  principle,  and  the  work  was  done  successfully;  and  the 
only  objection  was  the  great  noise  that  was  made  in  doing  it.  The 
machine    he     believed    was    a    lair    substitute     for    hand-labour    for 

fullering  up  tl  -  of  the  plates.     A  similar  machine  lie  had  also 

Been  at  work  upon  marble  two  or  three  yea:  cutting  out  graven 

images  somewhere  near  Westminster  Bridg< . 

In  connection  with  the  drilling  of  the  rivet  holes,  he  admired  the 
candour  of  the  author  in  regard  t"  tli.  the  drift  (pag< 

There  could    be    DO  doubt  that  the  drift  was   in    daily  UBS  ;    and  1 1 1 
who  Bald  it  was  not  used  Could  DOt  have  -pent  much  time  in  the  boiler 
yard,  where  it  was  found  t"  be  a  valuable  tooL      At  the   present  tinm 
the  drilling  of  the   livet  holes  WUfl   BO  Well  established  that   it    .m  clued 

aim  -.nabic  to  make  any  remarks  against  it.     Nevertheless  he 

had  hims<  H'  >till  a  hank,  ring  after  the   good  old    punching   machine; 
ami  it.  according  to  th<  I   I  practice,  the  punching  machine 

WUfl  never  used  in  lx.ilei-niaking.  what  W<  N  ill  the  punching  machi:. 
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doing  that  won'  still  seen  in  boiler  stops?  Were  they  tliere  for 
ornament?  or  as  dreadful  examples  of  what  was  to  be  totally 
avoided?  Perhaps  the  author  would  be  able  to  say  what  punching 
machines  really  did  in  boiler  works.  The  members  bad  often 
listened  to  the  remarks  of  the  late  Sir  William  Siemens  upon  the 
punching  of  steel  plates,  and  the  advantages  of  the  process  in 
many  respects.  That  was  of  course  many  years  ago,  when  the 
properties  of  steel  were  not  so  well  known  as  at  present ;  but  it  was 
certain  that  punching  did  strengthen  the  plates  between  the  holes 
punched,  and  that  any  injury  due  to  the  punching  was  limited  to  a 
very  small  annular  area  around  the  hole,  and  this  could  be  rimered 
out  at  a  nominal  cost.  It  was  also  certain  that  punching  the  plate 
was  a  cheap  and  effective  test  of  its  quality,  and  a  test  which  any 
one  could  see.  If  two  or  three  holes  were  still  done  by  punching, 
what  was  the  good  of  drilling  the  rest  ?  The  strength  of  a  chain 
was  that  of  its  weakest  link.  Indeed  there  was  a  greater  danger 
in  punching  only  two  or  three  holes  and  drilling  all  the  rest, 
because  with  only  so  few  holes  punched  it  was  not  thought  worth 
while  to  anneal  the  whole  plate ;  whereas  if  all  the  holes  were 
punched,  the  plate  would  be  annealed  throughout  as  a  matter  of 
course.  Although  for  many  reasons  he  could  not  now  advocate  a 
return  to  punching,  he  nevertheless  thought  there  was  too  much 
made  of  drilling.  The  fact  was  that  in  the  old  punching  machines 
the  punch  came  down  sharp  on  the  plate,  much  like  a  projectile 
from  a  gun,  and  it  produced  a  similar  effect  on  the  plate.  But  it 
had  been  proved  by  experience  that  when  the  punch  was  driven 
Blowly  and  steadily  down,  as  was  done  by  hydraulic  pressure,  the 
effect  on  the  plate  was  not  the  same  as  when  the  hole  was  punched 
by  a  geared  machine;  there  could  be  no  question  about  the  difference. 
Of  course  drilling  was  desirable  in  many  ways;  but  he  questioned 
whether  it  was  more  economical  or  better  than  careful  punching. 

In  the  absence  of  any  allusion  in  the  paper  to  the  relative 
advantage  of  machine  or  hand-riveting,  he  thought  it  desirable  to 
point  out  the  fact  that  in  one  of  the  societies  for  inspecting  marine 
boOera,  the  Bureau  Veritas,  a  factor  of  safety  of  5-5  was  allowed  for 
hjdranlie  riveted  work,  as  against  only  5-0  when  the  riveting  was 
not  done  by  hydraulic  power. 
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Little  allusion  had  been  made  to  flanging  machines :  and  indeed 
he  imagined  that  the  boiler  described  in  the  paper  and  illustrated  in 
the  drawings  was  built  without  the  use  of  a  flanging  machine,  for 
there  seemed  to  be  no  necessity  for  one  to  be  used  in  its  construction. 
It  appeared  to  him  that  the  flanging  machine  was  a  valuable  addition 
to  a  boiler  yard.  It  enabled  a  great  deal  of  angle-iron  work  to  be 
done  away  with  ;  and  this  was  particularly  advantageous  in  regard  to 
the  boiler-end  and  furnace-mouth  joints.  Such  a  press  would  also 
be  utilized  for  the  manufacture  of  manhole  doors  for  marine  boilers, 
in  which  the  pressures  were  higher,  and  the  risks  were  much  greater 
on  account  of  the  larger  diameter  of  the  boilers  and  the  greater 
thickness  of  the  plates  and  the  conditions  under  which  the  boilers 
worked.  For  those  boilers  the  manholes  were  pressed  to  a  suitable 
form  in  a  hydraulic  press,  and  were  then  corrugated  ;  and  thus  made 
would  stand  a  test  of  2,000  lbs.  per  square  inch  without  deformation, 
instead  of  only  the  1,000  lbs.  per  square  inch  mentioned  in  the  paper 
(page  499). 

With  regard  to  the  attachment  of  the  flues  to  the  end-plates,  lie 
thought  the  entire  difficulty  referred  to  in  page  -196  in  connection 
with  the  joints  shown  in  Figs.  13,  14,  and  15,  Plate  109,  would  be 
overcome  by  carrying  the  flue  straight  through  the  front  plate,  and 
riveting  the  angle-iron  outside  round  the  end  of  the  flue  projecting  in 
front.  Against  that  plan  he  knew  there  had  been  a  prejudice  among 
marine  engineers  for  many  yean  :  but  at  the  present  time  he  believed 
fifty  per  cent,  of  the  rurnaot  -  for  marine  boilers  were  carried  out  in 
that  way,  without  the  slightest  trouble  haying  been  experienced.  The 
whole  of  the  rivet-  were  visible  outside;  and  if  riveted  up  with  ■ 
Bnfficient  pressure  and  i  Buitable  machine  the  joint  was  absolutely 
tight.  The  same  remark  would  apply  to  the  other  end  of  the  boiler,  if 
the  back  end-plate  was  itself  flanged  outwards  all  round  the  projecting 
end  of  the  Hue  :  and  this  was  also  <l<>ne  where  there  was  tin  oeot  Mary 
flanging  machinery  to  ensure  the  shape  of  the  plates  being  true,  and 
sufficient  power  iii  th<-  riveting  machinery  to  ensure  the  plates  being 
brought  <•]•  ether.      Against   this   construction   also   he   km  w 

there    had    been    ft    prejudice,  which   usually  found   i-xpn-Mon    in   the 

remark  that  th<  re  til  here  do  nalhing  edge  at  the  end  of  the  Sua. 

a  i  a 
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It  wis  the  old  story  however;  a  calking  edge  was  not  wanted  if  the 
work  was  well  done.  Makers  who  had  constructed  boiler  furnaces  on 
this  plan  would  confirm  the  statement  that  it  obviated  all  buckling 
and  strain,  and  the  other  difficulties  referred  to  in  the  paper. 

With  regard  to  the  testing  of  the  boiler,  the  option  had  been 
given  in  the  paper  (page  500)  of  testing  finally  either  with  the  fittings 
in  position  or  with  blank  flanges  only  on  the  mountings.  In  his  own 
•  .pinion  however  there  should  be  no  option;  for  it  seemed  obvious 
that,  where  the  fittings  were  so  numerous,  it  must  be  better  to  insist 
upon  their  being  all  on  the  boiler  while  it  was  under  test,  instead  of 
being  put  on  afterwards.  He  should  therefore  like  to  know  the 
reason  for  the  option  being  allowed  in  the  paper,  because  the  author 
had  evidently  considered  the  alternative. 

The  value  of  the  paper  he  suggested  would  be  increased  if  a 
reference  were  added  to  the  previous  papers  read  on  cognate  subjects. 
This  might  not  be  required  for  those  who  had  the  Proceedings  for  a 
number  of  years  past,  and  could  readily  refer  to  such  papers  as  those 

Mr.  Greig,  Mr.  Marten,  Mr.  Fletcher,  and  others  relating  to 
experiments  with  steel  plates,  and  so  on ;  but  it  would  be  of  great 
value  he  thought  to  more  recent  members  if  references  to  such 
papers  were  added  to  the  present  paper. 

Mr.  William  Jknkinson  said  his  experience  of  leakages  in  boilers 
at  high  pi  was  that  there   were  more  leakages  from  flanged 

joints  than  from  any  other  part  of  the  boiler.  In  boiler  shops  he 
had  noticed  that,  before  the  flanged  joints  were  calked,  a  penknife, 
and  sometimes  a  much  thicker  knife-blade,  could  be  put  in  all  the 
way  round  the  flanged  seam,  between  the  flange  and  liner.  That 
i  doubt  owing  in  a  great  measure  to  the  joints  having  been 

riveted   too  hastily,   without  the   pressure  of  the   riveting   die    being 
it  on  the  rivet  head  long  enough   after  closing  it.     With  machine 

riveting  indeed  it  was  a  common  thing  in  some  boiler  shops  to  see 

half  a  dozen  newly  closed  rivets  still  hot  at  one  time.  Of  OOUTSe 
when  the  Closing   pressure   Of  ->^   Or   40  tons   on   each    rivet  was  taken 

■..  re  sure  to  Bpring  open  before  the  rivets  had 

Id    enough    to   hold    them    tight    together.      Another    faulty 
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procedure  which  he  had  noticed  was  that  when  boiler  plates  were 
flanged  they  were  in  many  cases  left  to  cool  upon  the  flat  block 
with  the  flange  free,  and  then  of  course  the  flange  slightly  recovered 
itself  in  cooling,  and  was  not  quite  at  right  angle-  to  the  flat  portion 
of  the  plate.  Consequently  when  the  work  came  to  be  put  together, 
the  flange  was  found  to  be  gaping  open  to  the  extent  sometimes 
of  a  quarter  of  an  inch  difference  between  the  edge  and  the  root 
of  the  flange,  which  necessarily  produced  a  serious  Btrain  upon  the 
joint  when  riveted  up.  The  width  of  the  flanges  was  also  a  matter 
of  importance,  for  it  was  almost  impossible  to  make  good  work 
with  the  narrow  flanges  sometimes  adopted.  Where  the  width  of 
the  flange  was  little  more  than  2|  or  2;  inch,  a  tight  joint  wafl 
almost  out  of  the  question,  however  powerful  the  riveting  machine 
might  be,  and  however  careful  the  men  working  it.  Another 
important  point  in  flanges  was  that  the  radius  of  the  curve  to  which 
they  were  bent  over  should  be  large  enough  to  prevent  injury  to  the 
metal  at  the  root  of  the  flange.  The  Adamson  flanged  seam  was  in 
his  opinion  the  best  for  flues  of  Lancashire  boilers,  but  great  care  was 
required  in  all  its  details  during  construction.  The  strengthening 
or  doubling  plate  inside  the  manhole  he  supposed  was  noi  ited 

to  be  used  in  high-class  work  in  exactly  the  way  shown  in  Fig.  29, 
Plate  111.  even  if  that  were  the  besi  means  of  stiffening  the  shell 
round  the  aperture  and  compensating  for  the  removal  of  the  portion 
of  plate  cut  out;  the  single  row  of  rivets  there  shown   could   hardly 

l  e  accepted  in  a  high-pressure  boiler  as  equivalent  to  the  strength  of 
the  seams. 

Mr.  Edwabd  15.  Mabtxn,  Member  of  Council,  said  that,  while 
the  design  and  working  of  tic  Lancashire  boiler  had  been  amply 
discussed  on  previous  occasions,  the  soope  of  tin;  present  paper 
comprised  the  modern  practice  in  making  the  boil<  r,  the  details  i  f 
its  construction,  and  especially  the  tools  that  v  .1   by  th<   I 

maker-.      It    gave   not   merely    the   individual    opinion  of  the    author, 

but    also    the    result    of    his    observations    during    his  naive 

acquaintance  with  some  ^i  the  h<  -t  boiler  shops  in  Lancashire.  This 
was  indeed  m<  bal  material  onj  and  if 
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the  information  given  had  not  quite  fallen  in  with  the  views  of 
other  boiler  makers  present,  they  would  doubtless  have  pointed  out 
where  their  practice  differed  from  what  had  been  described  in  the 
paper.  No  doubt  the  Lancashire  boiler  was  the  most  popular  for 
many  works,  and  was  made  more  largely  than  any  other  kind.  Its 
manufacture  had  also  much  improved  in  quality,  owing  a  great  deal 
to  the  use  of  improved  tools.  In  some  shops  no  hand-labour  was 
used  anywhere,  the  whole  of  the  work  being  done  by  machinery. 
Even  since  the  paper  had  been  announced  for  the  spring  meeting  six 
months  ago,  he  had  met  with  two  more  tools  which  would  save  any 
need  of  hand-labour.  One  was  for  drilling  the  rivet  holes  in  the 
circular  seams  of  the  flues  while  standing  upright,  so  that  they  could 
be  turned  round,  accurately  marked  out  by  the  tool  itself,  taken  to 
pieces,  and  put  together  again  at  exactly  the  same  rivet  holes,  and 
linally  riveted  up  by  machine  :  instead  of  dealing  with  them  in  the 
horizontal  position,  in  which  their  own  weight  displaced  them  to  an 
extent  sufficient  to  interfere  with  good  work.  The  other  tool,  which 
was  all  ready  to  work,  though  he  had  not  seen  it  in  operation,  was 
for  the  purpose  of  planing  the  circular  edges  of  the  circumferential 
plates  after  they  had  been  bent.  The  usual  practice  was  to  bend 
them  after  planing,  and  then  they  had  to  be  handled  a  good  deal, 
with  the  result  that  the  planed  ends  or  circular  edges  especially  were 
much  injured.  By  using  this  machine  the  cylindrical  ring  never  had 
to  touch  the  ground  after  its  ends  had  been  planed ;  and  not  only 
were  the  circumferential  edges  planed  in  their  places,  but  also  the 
Longitudinal  edges  likewise.  The  latter  were  accordingly  planed  to 
the  proper  bevel  for  enabling  them  to  butt  together  true  and  form  a 
close  joint  when  riveted  up. 

The  present  Lancashire  boiler  was  no  doubt  being  made  in  such 
:i  way  as  to  be  much  better  than  it  had  ever  been  before.  Having 
himself  1   boilers   rather  from  their  failure  than   from    their 

manufacture,  he  mighl  mention  that  part  of  the  statistics  which  he 
had  recorded  was  whal  proportion  of  each  kind  of  boiler  had  failed, 
and  to  which  of  three  causes  the  failure  lia<l  been  duo,  whether  to  bad 
construction  or  to  bad  [nspectioi]  orto  had  working.  Taking  the  whole 
number  of  <  t  boilers  of  which  he  had  compiled  the  records 
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during  the  last  twenty-nine  yean  at  about  1,467,  it  so  happened 
that  about  468  were  of  Lancashire  boilers,  of  which  about  one-third, 
or  32  per  cent.,  had  failed  from  the  first  cause,  namely  bud 
construction.  If  however  the  failures  from  this  cause  were  divided 
into  two  periods,  it  would  be  found  that  a  great  inijtfovenient  in 
construction  had  set  in  about  1874.  Before  that  date  those 
Lancashire  boilers  that  had  failed  from  bad  construction  had  been 
about  40  per  cent. ;  whereas  since  that  time  only  about  22  per  cent, 
had  failed  from  the  same  cause,  showing  that  there  was  a  decided 
improvement  in  their  construction,  by  which  he  meant  in  their  actual 
manufacture.  Taking  last  year  by  itself,  the  percentage  was  still 
lower:  only  two  out  of  fourteen  had  failed  in  any  way  through  bad 
construction,  that  is  only  14  per  cent.  More  especially  to  those  who 
could  not  go  through  the  boiler  shops  of  Lancashire  was  the  paper 
interesting  as  a  description  of  what  was  really  done  there.  To 
hi-  own  knowledge  it  was  a  description  of  what  was  being  done 
in  some  of  the  best  shops  in  South  Staffordshire,  where  great 
improvements  had  been  introduced  of  late  years,  and  where  the 
t\\i»  now  tools  that  he  had  referred  to  as  producing  better  work 
had  been  set  up. 

deferring  to  the  test  illustrated  in  Fig.  0,  Plate  109,  he  had 
expected  that  steel  makers  i  3teel  users  would  have  something  to 
Bay  on  that  mode  of  treatment.  No  doubt  the  practice  was  not  to 
thin  down  the  corners  oi  platee  in  the  fire,  but  to  cut  the  metal 
away  ;    and  it  seemed  to  him  that  the  latter   method  was  almost 

l  — .  nt i;il .  i  »  curiously  if  one   part   of  a 

plate  was  heated  up  while  th<  real  was  not.  Prom  the  description 
given  of  the  experimental  illustrated  by  Pig.  (.'.  it  seemed  to  be 
implied   that  the   steel    plat  much   injured   by   local 

heating  as  engineers  had  been  accustomed  to  believe;  but  this 
important  point  was  -till  hit  in  doubt.  It  had  not  been  mentioned 
that  a  great  many  Large  plates  bent  horizontally,  that  i^  by 

horizontal  rollers.     The  horizontal  mode  made  the  weight  of  th< 
plate  come  bo  awkwardly  in  the  bending,  i  -\><  dally  towards  the  finis 
that  many  makers  now  bent  the  plates  upright,  standing  on  ti. 

circular  and  thttS  brought  them  to  a  truer  ciiclc. 
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One  other  point,  which  had  been  slightly  alluded  to  (page  484), 
was  that  makers  who  had  the  best  tools  could  make  the  best  boilers 
without  increasing  the  cost  of  the  work.  This  had  often  surprised 
himself,  but  it  was  no  doubt  quite  true  ;  and  it  evidently  showed  that 
a  boiler  made  by  machinery  could  be  produced  at  a  lower  price  than 
one  made  by  hand.  Such  a  result  was  what  was  wanted  by  all  users 
of  boilers,  if  the  work  done  by  machinery  was  as  good  as  that 
produced  by  hand-labour. 

Mr.  J.  F.  L.  Crosland  observed  that  no  reference  was  made  in 
the  paper  to  any  higher  working  pressure  for  Lancashire  boilers  than 
100  lbs.  per  square  inch.  When  consulted  twenty- three  years  ago 
as  to  the  design  of  a  boiler  for  150  lbs.  pressure  to  work  a  triple- 
expansion  engine  in  a  flax  mill,  he  had  found  that  nothing  could  be 
done  for  such  a  pressure  with  the  class  of  large  Lancashire  boilers 
then  made  of  iron  with  punched  holes.  He  had  therefore  been 
compelled  to  design  a  boiler  of  smaller  dimensions,  not  more  than 
4  feet  diameter,  of  which  some  120  to  150  had  been  made  from 
1868  to  1870,  and  many  were  still  at  work.  Some  of  them  had  been 
worked  at  from  150  to  175  lbs.  pressure  with  triple-expansion 
engines.  Since  that  time  attempts  had  been  made  gradually  to 
increase  the  pressure  in  Lancashire  boilers  from  about  70  lbs.,  which 
was  then  the  maximum,  up  to  100,  and  afterwards  to  150  and  160, 
until  now  in  Lancashire  these  boilers  were  being  made  for  200  lbs. 
pressure.  Twelve  such  boilers  were  at  the  present  time  being  made 
under  his  own  supervision  for  the  purpose  of  using  quadruple 
expansion,  which  was  now  being  introduced  into  mills  in  Lancashire. 
The  increase  in  pressure  had  practically  been  due  entirely  to  the 
excellent  material  supplied  by  some  of  the  steel  makers.  Great 
improvements  had  also  been  made  in  the  joints;  and  while  butt 
joints  with  double  butt-straps  and  double  riveting  were  the  best  and 
the  strongest  that  were  referred  to  in  the  paper,  it  was  generally 
admitted  that  treble-riveted  joints  were  still  stronger,  and  these  were 
now  being  used  for  the  boilers  to  carry  200  lbs.  pressure.  Although 
3  to  3  J  feet  had  been  given  (page  486)  as  the  best  width  for  the  plates, 
it  would  be  better  if  the  whole  boiler  could  be  made  in  one  single 
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plate;  at  any  rate  he  thought  the  wider  ti  fcter. 

Steel  makers  he  believed  could  now  supply  plates  more  khan  BJ  I'-  I 
wide,  and  boiler  makers  would  be  glad  to  work  them.  The  weight 
of  a  plate  was  n.it  now  of  so  mueh  importance  as  formerly,  when  there 

were  not  the  :  f  dealing  with  sueh  1 

were  now  DSOtL     At  the  present  time  boiler  practice  wafl  being  brought 

up  (thing  more  of  an  equality  with  engine  p  From 

what   Ik    had   heard   he  imagined  there  would   not  \m  much  difficulty 
in  getting  plates   1 ',  feel   wide.      The  fewer  joints  in  ■  boiler,  the 
batter;  and  he  looked  forwardfl  to  the  possibility  of  dispensing  with 
the   longitudinal  joints   altogether,  by  the   production  of  weld] 
rings  rolled  from  the  ingot  into  cylindrical  lengths  of  the  required 

diameter   and   thickness.       Boilers   BO   made    would    be   perfectly    - 

with  200  lbs.  pressure  per  square  inch,  or  even  more.     As  for  the 

Hues,  if  th»  v  l  bj  anti-c  llapsing   riii'_r-   plan 

enough  together,  they  could  equally  withstand  t  high  procure. 

The  fcesl  pressure  was  ■  matter  on  which  he  entirely  diss  with 

the  paper,  as  he  considered   it  was  not   i  t  should  always  be 

artain  multiple  of  the  working  i  II>  own  j              was 

■imply  to  fiz  ■  my  80  lbs.  or  LOO  Lbs. 

boilers  intended  to  work  at  orer  LOO  lbs.  :  -  i  thai  for 

working  at  L60  Lbs.  the  boiler  would  h  Lbs.  p< 

inch. 

M  :\u  lh\K  Past-President,  -;tid  it  was  erident  that  tin- 

author  had  taken  a  '_r«  at  deal  of  pains  in  the  preparation  ot  this 

and  had  candidly  given  t:  Ltsj  of  bis  own  • 

observation,  which  naturally  might  ool  !»<■  the  same  in  all 
those  of  other  members.     With  regard  to  th<  f  plates  for  boil 

those  who  were  presenl  at  the  Bheffield  would 

lember    that    tin  v  had   then   actually  seen   at   the   Parkgate  Works 

four  lai  1  plates,  of  which  ;    j  inch 

thick,  another  t    l»y   1  and    ||    inch    thick,  the   third 

phi  :  diameter  and   1  inch  thick,  and  tin-  fourth  was   IP, 

and     |    inch    thick.       I  \ as  then  i  difficulty 

whal   .       in  making  plates  with  modern   machinery.     Bui  it 
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must  not  be  forgotten  that  it  was  not  possible  to  make  very  broad 
plates  of  small  thickness.  The  minimum  thickness  above  mentioned 
was  f  inch ;  and  when  it  was  desired  to  reduce  this  to  J  inch  and 
T"y  inch,  the  area  and  especially  the  width  must  be  proportionately 
reduced.  For  in  making  broad  thin  plates,  the  rolls  always  sprung, 
and  the  plates  were  therefore  thicker  along  the  middle  of  their 
width  than  along  their  edges :  so  that  some  difficulties  were  met 
with  which  might  not  be  seen  at  first  sight.  At  the  outset  of  the 
paper  it  was  stated  that  the  steel  plates  considered  most  suitable 
for  the  construction  of  Lancashire  boilers  were  made  by  the 
Siemens-Martin  open-hearth  process,  meaning  no  doubt  the  acid 
process.  But  there  were  some  steel  works  which  were  now  turning 
out  steel  plates  made  by  the  Siemens-Martin  basic  process ;  and 
it  would  therefore  be  interesting  if  any  engineers  who  had  had 
experience  of  the  latter  plates  would  state  whether  all  the  requisite 
tests  could  be  got  with  the  basic  plates,  in  the  same  way  that  could 
be  done  with  those  made  by  the  Siemens-Martin  acid  process.  In 
talking  about  steel  plates  it  must  not  be  forgotten  that  the  great 
bulk  of  the  boiler  plates  and  ship  plates  supplied  at  the  present 
time  were  made  from  Spanish  ore  ;  so  that  this  country  was  largely 
dependent  on  a  foreign  country  for  the  material  from  which 
these  valuable  manufactures  were  produced.  Any  process  therefore 
that  would  enable  native  material  to  be  used  would  be  of  great 
advantage.  It  was  true  that  a  small  supply  of  plates  was  produced 
from  the  hematite  ore  of  Cumberland  ;  but  five-sixths  of  the  pig  iron 
produced  in  this  country  was  made  from  the  less  pure  native  ore, 
which  it  would  be  of  so  great  benefit  to  utilise  for  the  manufacture  of 
steel. 

In  page  485  the  desirability  had  been  urged  of  doing  at  the  steel 
works  all  the  testing  of  the  steel  material.  No  doubt  that  plan 
would  save  the  boiler-maker  a  great  deal  of  trouble ;  but  it  ought 
not  to  be  exclusively  relied  upon.  Plates,  angles,  and  other  material 
that  came  into  the  user's  works,  should  be  carefully  examined  by  him 
before  any  labour  was  put  upon  them.  For  instance,  lamination  had 
been  mentioned  in  page  485  as  appearing  in  steel  plates,  when, 
considering  the  way  in  which  they  were  made  by  fusion,  it  would 
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scarcely  be  expected  to  be  possible  that  there  could  be  anything  of 
the  sort ;  and  the  reasons  assigned  for  its  occurrence  were,  overlapping 
in  rolling,  and  the  presence  of  certain  impurities  in  the  metal.  No 
mention  however  had  been  made  of  the  most  frequent  reason  of 
all  for  that  lamination  in  steel  plates,  which  was  the  occurrence  of 
blow-holes  in  the  ingot.  When  the  ingot  came  to  be  rolled,  these 
blow-holes,  however  small,  became  flattened,  and  afterwards  gradually 
enlarged  in  the  successive  rollings  ;  and  as  they  were  never  welded 
up  afterwards,  because  there  was  never  heat  enough  to  weld  them 
after  the  ingot  had  once  become  set,  they  appeared  in  the  plates  as 
laminations.  Frequently  they  did  not  come  out  to  the  edge  or  surface 
of  the  plates  at  all,  and  therefore  could  not  be  seen  until  after  some 
work  had  been  put  upon  the  plates  by  the  boiler-maker.  Sometimes 
the  shearing  of  the  plates  would  cut  through  one  of  these  laminated 
places,  and  it  could  then  be  seen.  That  was  one  reason  why  there 
ought  to  be  a  careful  examination  after  shearing,  and  also  when  any 
other  work  had  been  done  upon  the  plates  in  the  boiler-maker's  yard. 
In  the  steel-maker's  works  the  men  were  almost  all  on  piece-work, 
and  their  object  was  to  get  the  work  passed  and  sent  out  as  quickly 
a-  possible ;  they  were  therefore  not  likely  to  take  the  pains  that  the 
boiler-niaker  himself  would  take,  or  ought  to  take,  in  examining  the 
material  before  putting  upon  it  work  which  would  afterwards  have 
to  be  thrown  away  if  there  was  any  defect  in  the  plate.  He  should 
like  to  learn  from  the  author  whether  the  difficulty  still  prevailed,  of 
which  so  much  had  been  heard  some  years  ago  from  the  late  Mr. 
Daniel  Adamson.  arising  from  the  alleged  danger  of  manipulating 

1  at  what  lie  called  colour  heat  or  black  heat.  There  were  some 
steels  he  knew,  having  tested  them  himself,  which  were  exceedingly 
brittle   if  meddled  with   at  all   at   that    heat  ;   while  others   did    not 

i  to  present  the  same  difficulty.  Any  information  derived  from 
experience  or  ol  ion  of  this  point  would  be  highly  useful.     The 

experiment  illustrated  by  Fig.  9,  Plate  1< ►'. »,  did  nol  appear  to  him  to 
be  at  all  conclusive.     The  middle  part  of  the  plate  he  understood  had 

been  dished  OUt,  and  then   made   hoi  and   flattened   hack   again    mult  : 
the  hammer;   after  which    the    plate    had    been    CUt  up   into  the   seven 

strips  shown,  and  these  had    been  tested    in    a  tensile  testing    maehiiie 
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to  see  whether  their  tensile  strength  had  been  at  all  interfered  with. 
He  could  readily  conceive  that  it  would  not  be  found  to  have  been 
interfered  with,  because  any  internal  strains  would  soon  settle 
themselves  when  the  strips  were  subjected  to  testing,  so  that  they 
would  not  be  discovered.  But  the  real  danger  and  difficulty  would 
arise  if  the  plate  were  treated  as  had  been  described,  and  then  left 
as  it  was,  in  a  state  of  unequal  tension,  without  being  cut  up  into 
strips.  That  was  where  the  danger  would  lie,  unless  the  plate  was 
subsequently  annealed. 

Another  matter  on  which  he  should  like  to  have  further 
information  was  the  bending  of  the  plates  after  the  rivet  holes  for 
the  longitudinal  joints  had  been  drilled  in  them.  The  difficulty 
to  be  anticipated  was  that,  if  a  longitudinal  row  of  holes  was  made 
beforehand  through  a  plate  and  the  plate  was  then  passed  through  the 
bending  rolls,  the  bend  at  that  part  of  the  plate  would  all  run  into  the 
line  of  the  holes  :  just  as,  in  trying  to  bend  to  a  regular  curve  a  sheet 
of  perforated  postage-stamps,  it  was  found  that  the  bend  all  ran  into 
the  lines  of  perforation,  producing  a  polygonal  shape  instead  of  a 
curve.  The  line  of  rivet  holes  being  the  weakest  place,  the  uniform 
bending  strain  put  upon  the  plate  would  always  bend  it  there  more 
than  anywhere  else.  Therefore  it  was  exceedingly  difficult  to  get  a 
true  curve  even  in  the  bending  rolls,  if  rows  of  holes  had  been  made 
in  the  plate  beforehand.  This  was  a  reason  for  avoiding  as  far  as 
possible  making  any  holes  in  the  plates  before  bending,  and  for 
drilling  all  holes  in  them  after  they  had  been  bent. 

There  was  still  a  great  deal  of  difference  of  opinion  as  to  steel 
rivets  and  iron  rivets.  The  general  opinion  of  engineers  he  thought 
was  not  as  yet  at  all  settled  on  this  point ;  and  he  should  like  to  hear 
something  on  the  subject,  as  to  whether  steel  rivets  could  be  relied 
upon  in  all  cases,  or  whether  they  could  not. 

Referring  to  the  factor  of  safety  in  testing  boilers,  a  test 
amounting  to  as  much  as  one-third  of  the  ultimate  strength  was 
spoken  of  in  page  500  as  one  that  might  safely  be  applied  to  most 
materials  in  engineering.  There  were  hardly  any  engineers  however, 
he  thought,  who  would  like  to  test  any  material  or  structure  that 
they  had  to  do  with  up  to  so  great  an  extent  as  one-third  of  what 
would  break  it. 
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Mr.  John  Phillips  noticed  that  the  statement  in  page  487,  that 
in  a  butt  joint  the  jnates  could  be  bent  to  a  true  circle,  seemed  to 
imply  that  the  bending  in  the  rolls  could  be  carried  to  the  very  ends 
of  the  plate-  ;  and  he  enquired  what  rolls  there  were  that  would 
bend  a  plate  up  to  the  very  end  in  a  true  curve.  Ail  the  bending 
rolls  that  he  knew  of  left  the  ends  of  the  plate  flat  or  straight, 
through  a  length  nearly  equal  to  that  of  the  tangent  line  touching 
two  adjacent  rolls. 

Mr.  Boswell  was  rather  surprised  that  what  seemed  to  him  to  be 
the  principal  innovations  contained  in  the  paper  had  scarcely  been 
touched  upon  in  the  discussion,  namely : — larger  joint  rivets  ;  passing 
the  hot  rivet  through  a  spray  of  water  to  chill  and  shell  off  the  oxide 
and  slag  ;  drawing  the  plates  together  with  tack  holes  and  drifts 
before  drilling  ;  re-rolling  or  blocking  the  gusset  angles  to  a  proper 
angle  ;  and  spreading  out  in  a  fan-tail  shape  the  thinned  corners  of 
the  plates,  so  as  to  tinish  with  the  thin  edge  across  the  centre  of  the 
next  rivet-hole. 

As  the  object  of  the  paper  was  to  give  a  few  practical  details  in 
regard  to  the  construction  of  Lancashire  boilers,  no  comparison  had 
been  attempted  with  other  boilers  in  regard  either  to  pressure  or  to 
other  features.  Lancashire  boilers  for  200  lbs.  pressure  had  already 
been  made  and  were  working ;  and  since  the  paper  was  written, 
others  of  larger  size  had  been  ordered  and  were  being  built  for 
working  at  the  same  pressure;  and  it  was  with  a  knowledge  of 
these  facts  thai  tlic  mention  of  any  particular  pressure  had  been 
Btudiously  avoided  in  the  paper.  It  should  however  be  borne  in 
mind  that  it  was  not  everybody  who  wanted  such  a  high  pressure; 
to  many  it  would  be  worse  than  useless.  For  instance  in  bleaching, 
dyeing,  and  general  manufacturing  works  using  raw  .-team,  there  was 

no  use  for  such  a  pn  96    re.      In   -pinning  mills  no  doubt  it  w;i>  useful 

and  economical  for  i  working  al  ■  high  pressure  and  osing 

mi  expansively;  but  that  was  for  engines  only,  while  the  general 
working  pressure  in  90  |  t.  of  the  mill  and  works  boilers  in 

Lancashire  and  Yorkshire  was  belov    LOO  Lbs.,  not  because  engu 

and  boiler-  COUld  not    I  for  a  higher  pressure,  but  rather  Uvau-e 
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they  would  not  be  profitable.  The  higher  the  pressure,  the  greater 
he  considered  was  the  need  for  following  the  indications  he  had 
offered  in  the  paper. 

As  regarded  the  proper  range  for  the  tensile  strength  of  steel 
boiler  plates  (page  503),  in  this  matter  there  certainly  was  a  difference 
of  opinion,  and  different  limits  were  allowed  by  various  authorities ; 
but  those  who  generally  supervised  the  construction  of  high-class 
Lancashire  boilers  favoured  the  lower  range  given  in  the  paper  of 
26  to  30  tons.  In  his  own  opinion  plates  which  would  bear  a 
tensile  load  of  over  30  tons  were  not  as  reliable  as  those  a  little 
below  30  tons,  although  a  good  extension  gave  an  assurance  of 
ductility.  By  following  Mr.  Halpin's  suggestion  of  multiplying 
together  the  load  per  square  inch  in  tons  and  the  percentage  of 
extension,  a  factor  of  from  600  to  700  would  generally  be  obtained, 
while  800  as  a  limit  would  allow  very  hard  plates  to  creep  in. 

The  additional  patch-strap  (page  504)  would  no  doubt  overcome 
the  difficulty  of  butt  calking,  and  might  be  adopted  in  the  shell 
of  a  marine  boiler ;  but  it  would  be  inadmissible  in  the  shell  of  a 
Lancashire  boiler,  because  the  latter  was  practically  surrounded  by 
hot  flues,  so  that  the  shell  itself  was  used  as  heating  surface.  A 
stop-water  rivet  had  been  recommended  by  Mr.  Halpin  (page  505), 
where  the  plates  were  butted  together  ;  and  that  was  the  very  reason 
why  it  had  been  suggested  in  the  paper  that  the  plate  corner  should 
be  thinned  and  extended  until  it  reached  the  next  rivet-hole. 
Wherever  this  could  not  be  done,  and  there  was  the  least  space 
along  which  the  water  could  pass,  it  was  advisable  to  insert  a  stop- 
water  rivet.  If  a  thinned  corner  did  not  finish  at  a  rivet-hole,  it 
was  sometimes  found  necessary  to  plug  the  joint  with  a  soft  iron 
or  copper  wedge,  which  though  often  invisible  was  only  a  clumsy 
job;   and  although  the  supervising  engineer  did  not  see  it,  it  was 

often  done. 

The  remarks  respecting  the  stiffness  of  the  Bowling  hoop 
(pages  505  and  507)  were  scarcely  applicable  to  the  hoops  of  that 
name  now  made  in  steel  at  the  Bowling  Iron  Works  or  the  Bolton 
Iron  and  Steel  Works,  as  these  were  now  made  of  a  lighter  and  more 
pliable  section ;   and  he  knew  of  cases  where  hoops  of  the  lighter 


Oct.  1891.  .     BOILEK   CONSTRUCTION.  525 

section,  when  properly  applied,  had  withstood  treatment  which  had 
destroyed  the  flanged  seam. 

From  what  had  been  said  about  calking  and  fullering,  it  would 
appear  that  the  two  were  regarded  as  separate  methods  of  making  the 
joint  tight ;  whereas  the  difference  was  in  the  tool  only.  Fullering 
really  was  calking  with  a  broad-faced  tool,  making  perhaps  a  neater 
finish,  while  it  was  still  possible  for  the  heel  of  the  fullering  tool  to 
be  as  destructive  and  objectionable  as  a  thin  calking  chisel.  The 
tool  spoken  of  as  in  use  at  Crewe  works  (page  511)  was  practically 
the  same  tool  that  had  been  used  certainly  twenty-five  years  ago  by 
nearly  all  boiler  makers,  and  was  known  as  a  "  splitting "  tool, 
because  it  was  used  to  split  the  plate  edge,  just  as  at  Crewe,  and  the 
inner  split  portion  was  afterwards  calked  by  a  tool  of  the  same 
thickness  as  the  splitting  tool.  At  Crewe  the  splitting  alone  was 
found  sufficient,  which  would  no  doubt  be  due  to  superior  riveting. 
No  matter  how  close  the  plates  were  before  riveting,  if  too  great  a 
pressure  was  put  on  the  rivet  the  overlap  would  spring  open, 
especially  if  the  overlap  was  too  wide,  or  the  heads  of  the  rivets  were 
too  small  in  diameter.  With  rivet  heads  1*0  times  the  diameter  of 
the  rivet,  closed  with  a  well-regulated  load  and  held  for  a  few  seconds 
after  closing,  and  an  overlap  not  exceeding  in  width  the  diameter 
of  rivet,  the  springing  apart  was  minimised  and  less  calking  was 
required.  If  however  the  plates  were  well  drawn  together  before 
and  after  drilling,  and  if  the  riveting  were  carefully  done,  he 
considered  that  the  calking  and  fullering  might  yet  be  altogether 
dispensed  with  ;  and  it  was  in  this  direction  that  improvements  must 
be  looked  for,  rather  than  by  adopting  machinery  to  do  that  which 
should  be  unnecessary.  In  several  repairs  which  he  had  himself 
carried  out,  some  of  an  extensive  character,  when-  calking  of  any 
description  had  been  impossible,  the  joints  had  still  been  made  drop- 
tight  after  riveting.  In  one  instance  half  of  a  front  end-plate  had  to 
be  left  unealked  on  aCOOOnt  of  it-  edge  being  within  three  inches  of 
brickwork  whieh  could  Dot  be  removed;   and  several  similar  pieces  of 

w<»rk  had  been  made  good  up  to  as  high  as  1 1"  lbs.  keel  pressure,  and 
had  remained  tight  at  «so  li»s.  working  pressure,  by  the  .judicious 

application  of  a  layer  of  very  thin  oanTass  Of   -auze  smeared   with 
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white  lead.  There  should  not  therefore  be  much  fear  with  new  work, 
if  a  suitable  paint  or  cement  could  be  obtained  to  withstand  the  high 
temperature  and  the  influence  of  the  steam  and  water.  Boilers  of 
3-8ths  inch  plates  he  had  often  seen  made  tight  at  a  cold  pressure 
without  calking  at  the  seams,  and  with  nothing  beyond  a  smear  of 
oxide  paint  across  the  rivet-holes.  It  was  universally  admitted  that 
calking  could  not  strengthen  a  joint,  and  might  weaken  it ;  then  why 
not  try  to  dispense  with  it  ?  And  if  cement  could  be  so  effectively 
used  for  engine-cylinder  joints,  why  not  experiment  with  it  on  boiler 
shells  ?  The  pneumatic  calking  tool  could  be  looked  upon  only  as  in 
its  experimental  stage  as  yet ;  and  it  seemed  strange  that  the  thin 
calking  chisel,  to  which  there  was  such  a  strong  objection,  was  the 
only  tool  he  had  ever  seen  the  machine  work  with,  and  the  tool  with 
which  it  gave  the  greatest  satisfaction. 

With  regard  to  the  longitudinal  attachments  of  the  gusset  stays 
(page  506),  they  were  invariably  fixed  alternately  on  the  first  and 
second  ring  of  shell  plates  from  each  end,  as  shown  in  the 
longitudinal  section,  Fig.  22,  Plate  111,  the  riveting  being  well 
distributed,  and  never  so  close  as  to  weaken  the  shell  plate. 

As  to  the  desirability  of  removing  the  scale  from  the  surface  of 
the  plates  where  they  came  together  at  the  seams  (page  506),  this 
was  the  proper  thing  to  do,  so  far  as  a  close  joint  was  concerned ;  but 
as  all  the  shell  plates  went  through  the  bending  rolls,  any  scale  of 
an  appreciable  thickness  was  shelled  off,  and  nothing  was  likely  to 
remain  of  importance.  An  acid  bath  or  wash  would  certainly  remove 
the  oxide  coating ;  but  experience  had  proved  beyond  doubt  that  this 
thin  oxide  coating  was  the  best  protection  the  plate  could  have 
against  the  ravages  of  corrosion,  caused  by  impurity  of  feed  water. 

The  distance  allowed  between  the  lowest  rivets  in  the  gussets  and 
the  rivets  in  the  furnace  angles  (page  507)  was  now  seldom  less  than 
9  inches  in  good  practice,  while  a  few  makers  allowed  a  breathing 
space  of  as  much  as  10^  inches.  Even  11  inches  had  been  allowed 
without  trouble  or  signs  of  distress :  and  he  thought  the  extreme 
limits  of  safety  had  not  yet  been  reached.  Some  means  of  staying 
might  yet  be  introduced  which  would  not  necessitate  securing  the 
end-plates  to  each   other  by  longitudinal   bolt-stays,  or  yet  to  the 
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shell  plates  by  gussets  ;  it  was  for  experience  and  experiment  to 
decide.  If  a  fairly  stout  front  end-plate  were  adopted,  and  fitted  to 
the  shell  with  a  flange  of  good  section,  and  secured  by  double  or 
triple  riveting,  a  wider  margin  might  be  taken  than  when  angle-rings 
outside  the  shell  were  adopted.  The  spacing  of  the  circumferential 
joints  was  pitched  by  all  good  makers  so  that  they  should  clear  one 
another,  as  shown  in  the  sectional  plan,  Fig.  28,  Plate  113. 

By  the  high  test-pressure  in  page  500  of  the  paper  was  meant 
high  in  comparison  with  the  ultimate  working  pressure.  Thus  if  the 
calculated  bursting  pressure  were  600  lbs.  per  square  inch,  a  factor 
of  6  would  give  100  lbs.  working  pressure,  while  a  factor  of  4  J  would 
give  133  lbs.  But  those  who  insisted  on  a  factor  of  6  would  require 
a  test  of  double  the  working  pressure  ;  while  those  who  were  satisfied 
with  a  factor  of  41  would  require  only  1  \  times  the  working  pressure. 
Thus  in  each  case  the  test-pressure  would  practically  be  the  same, 
namely  200  lbs. :  and  this  was  what  was  being  done  with  land  boilers 
generally. 

The  results  of  Mr.  Aspinall's  experiments  on  clearing  the  burr 
from  the  rivet-holes  (page  510)  were  in  accord  witli  his  own  views 
(page  490).  The  knife-like  edge  should  be  taken  off,  and  that  was 
what  the  simple  bent  or  Z  shaped  rimer  now  exhibited  would  do  very 
efficiently  for  both  edges  of  the  hole  at  once,  without  countersinking. 

Instead  of  arriving  by  experiment  at  the  proper  angle  for  planing 
the  plate  c  butt  together  (page  488),  he  had  heard  it  suggested 

that  a  diagram  might  be  constructed  for  showing  the  proper  bevel. 
This  however  was  practically  impossible,  because  no  two  differ' 
kinds  of  bending  rolls  would  </\\c  the  same  results  ;  there  would  also 
be   differences  due  to  varying  thickness,  diameter,  and  manipulation 
of  the  plat'    . 

A  pertinent  question  with  regard  to  the  use  of  so  many  punching 
machines  had  been  raised  by  Mr.  Tweddell  (page  512).     There  was 

ing  the  bet  that  many  of  these  machines  were  -till  in  i 
and  were  dois  '  practical  work  than  some  engi  ared  to 

credit  them  with.  It  should  be  borne  in  mind  that  the  punching 
machine    <>t*    today,    with    its    slov,  ly    movement    and    well 

proportioned  punch  and  die,  was  no  '  the  barbarous  machine  i  f 

■2   x 
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twenty  years  ago  ;  and  for  all  purposes  where  the  plate  surrounding 
the  hole  was  not  subject  to  a  tensile  strain,  and  where  good  quality 
of  material  was  used,  some  boiler-makers  preferred  a  punched  hole. 
For  instance  the  rivet-holes  in  the  flue  were  all  subject  to 
compression,  and  the  minute  fractures  said  to  occur  during  punching 
would  never  tend  to  open  out :  so  that  the  actual  loss  of  strength, 
if  any,  would  be  inappreciable,  while  it  was  admitted  on  all  hands 
that  a  hole  made  by  a  well  proportioned  punch  and  die  was  of  the 
correct  shape.  For  such  purposes  as  gusset  rivet-holes,  where  the 
rivets  were  in  tension,  the  tapering  punched  holes  were  in  his 
opinion  much  superior  to  the  parallel  drilled  holes.  One  great 
advantage  of  drilling  was  that  it  could  be  done  after  plates  had  been 
bent  to  shape  and  while  they  were  in  position,  thereby  ensuring 
good  and  fair  holes.  But  while  admitting  this  superiority  of  drilling, 
he  shared  Mr.  Tweddell's  opinion  that  too  much  was  made  of  it. 

From  the  samples  of  riveting  exhibited  there  could  be  no  doubt 
as  to  the  superiority  of  machine  riveting  (page  512) ;  and  whether 
done  by  hydraulic  or  lever  machines,  it  was  to  be  preferred  to  that 
done  by  hand  or  by  direct-acting  steam-piston  machines. 

The  flanged  seams  and  flanged  back  end-plates  that  had  been 
mentioned  in  the  paper  implied  that  few  first-class  works  were 
without  suitable  flanging  machinery.  Even  those  makers  who  did 
not  possess  suitable  flanging  machinery  sent  out  their  work  to  be 
flanged  elsewhere ;  and  consequently  the  barbarous  use  of  the  mallet 
was  now  almost  unknown.  The  pressed  manhole  mouthpieces 
(page  513)  were  useful  and  strong,  and  suitable  for  marine  boilers; 
but  they  were  not  so  convenient  for  Lancashire  boilers  as  the  mild- 
steel  or  wrought-iron  manholes,  of  which  so  many  were  now 
manufactured. 

The  flanging  outwards  of  the  furnace  holes  in  the  end-plates 
(page  513)  had  given  good  results  in  short  marine  boilers,  but  not 
in  the  long  Lancashire  boilers.  The  end-plates  so  made  were  also 
more  difficult  to  repair  or  remove  than  the  plain  flat  end-plates ;  and 
owing  to  the  heated  gases  passing  out  at  the  back  end,  such  a  plan 
would  be  inadmissible  there,  because  the  projecting  joint  would  soon 
become  overheated  and  fracture,  and  give  trouble.     Moreover  such  a 
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mode  of  construction  did  not  lend  itself  to  assisting  in  accommodating 
the  uncontrollable  force  of  expansion. 

The  option  of  testing  boilers  with  or  without  the  fittings  in 
position  (page  514)  was  due  to  the  fact  that  many  first-class  boiler- 
makers  did  not  supply  fittings  of  their  own  make,  these  being 
frequently  procured  independently  by  the  boiler  owner ;  in  such 
cases  therefore  the  boiler-maker  sometimes  never  saw  the  fittings.  As 
it  was  always  best  to  allow  every  maker  to  test  his  own  production, 
the  boiler  had  then  to  be  tested  with  blank  flanges  on  the  mountings. 

In  addition  to  flanging  the  ends  of  the  cylindrical  flue-plates 
correctly  at  right  angles,  as  pointed  out  by  Mr.  Jenkinson  (page  515), 
attention  had  been  drawn  in  page  493  of  the  paper  to  the  need  that 
the  liner  rings  inserted  in  the  circular  joints  should  be  rolled  of  a 
special  section  before  bending,  thicker  along  what  was  intended  to 
be  the  outer  rim  than  along  the  inner,  so  that  when  afterwards  bent 
into  a  flat  ring  the  two  flat  faces  should  be  perfectly  parallel.  This 
was  the  more  important,  because  in  the  flanging  of  the  flue  einK 
the  flanges  were  necessarily  rendered  thinner  than  the  rest  of  the 
plate.  "When  these  flanges  were  brought  together,  with  the  liner  ring 
between  them,  a  stronger  and  more  solid  job  was  made  if  they  were 
kept  truly  parallel  to  each  other,  as  was  the  case  when  the  flat  faces 
of  the  liner  ring  were  perfectly  parallel  after  bending. 

The  object  of  the  doubling  plate  under  the  manhole  was  to 
compensate  for  the  material  cut  away,  by  adding  an  extra  thickness 
all  round  the  hole.  The  doubling  plate  became  part  and  parcel  of 
the  shell  plate,  and  could  not  possibly  alter  its  form  or  straighten 
(page  507)  without  the  shell  plate  doing  so  at  the  same  time. 

While  sharing  Mr.  Marten's  opinions  generally  (page  517),  he 
had  not    been    able   himself  in    the    period   of  twenty-six  years  from 

18G5  to  1890  to  find  more  than  135  explosions  of  Lancashire  boil 
out  <>f  a  total  of  1,330  explosions  compiled  in  the  accompanying 
Table  (pages  530-532)  by  searching  (very  known  record.  Tin 
difference  might  be  due  to  the  line  of  demarcation  as  to  what  really 
oonstitated  a  boiler  explosion ;  and  he  had  not  included  a-  actual 
explosions  the:  mere  bursting  of  pipes  or  the  partial  collapsing 
of  funuu 

o    i    n 
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TABLE  (continued  to  page  532). 
Steam  Boiler  Explosions  during  twenty-six  years  1865-1890. 

This  list  comprises  only  actual  explosions  of  steam  Boilers. 
Failures  of  fittings,  valves,  pipes,  economisers,  &c,  are  not  included. 
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TABLE  (concluded  from  page  530). 
Steam  Boiler  Explosions  during  twenty -six  years  1865-1890. 

This  list  comprises  only  actual  explosions  of  steam  Boilers. 
Failures  of  fittings,  valves,  pipes,  economisers,  &c,  are  not  included. 
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The  bulging  of  the  steel  boiler-plate  (page  517)  in  the  test 
illustrated  in  Fig.  9,  Plate  109,  was  done  as  follows.  The  plate 
was  placed  flat  and  cold  under  a  hydraulic  press,  and  forced  into 
an  irregular  shape,  the  centre  being  depressed  about  lh  inch  in 
about  12  inches  diameter.  It  was  then  made  hot  at  the  bulge,  and 
hammered  back  to  its  original  flat  form  by  mallets,  and  then  cut  into 
strips  and  tested  as  described. 

In  the  use  of  horizontal  bending  rolls  (page  517)  he  did  not  see 
any  cause  for  fear,  as  the  weight  of  the  plate  was  generally  carried 
from  above ;  but  the  vertical  bending  rolls  were  perhaps  more 
convenient. 

With  reference  to  big  plates  (page  518),  it  must  be  remembered 
that,  in  rolling  wide  plates  thinner  than  \  or  §  inch,  neither  the 
thickness  nor  the  weight  could  be  guaranteed.  Not  only  so,  but 
there  was  also  another  question  to  be  considered.  Wide  plate- 
might  be  all  very  well  in  themselves,  and  a  boiler  shell  made  all 
in  one  piece  might  be  all  very  well ;  but  unless  the  boiler  was 
constructed  at  the  steel  works,  how  was  a  plate  25  feet  long  and 
25  feet  wide  going  to  be  conveyed  flat  from  the  rolling  mill  to  the 
boiler  yard  ?  It  could  neither  be  carried  on  the  railway  trucks,  nor 
could  it  be  got  under  the  railway  arches.  That  was  the  difficulty 
already  experienced  in  the  midland  towns,  where  mariue  boiler 
work  could  not  be  touched  because  of  the  inijiracticability  of 
carriage. 

Double  riveting  (page  518)  he  had  avoided  alluding  to  in  the 
paper,  knowing  thai  triple  or  even  opiadruple  riveting  was  necessary 
to  get  the  high  percentage  of  strength  of  joint.  Following  in  the 
wake  of  mauy  others,  he  had  left  it  open  to  the  boiler-maker  to  use 
such  a  pitch  as  would  bring  up  the  strength  of  the  joint  to  what  was 
wanted.  Unless  properly  designed,  triple  riveting  did  not  in  itself 
mean  a  stronger  joint  than  double  riveting.  No  doubt  the  solid 
weldlesfl  rings,  which  up  to  now  had  really  been  forgings,  might  in 
time  become  marketable;  but  many  improvements  would  have  t.» 
he  made  before  they  were  profitable,  on  acoount  of  the  difficulty 

of  handling   them   during   construction. 
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The  lamination  that  was  due  to  the  presence  of  blow-holes 
(page  521)|he  believed  was  generally  slight,  and  of  less  importance 
than  lamination  due  to  impurities.  The  defect  arising  from  working 
the  steel  at  a  blue  or  rotten  heat  (page  521)  was  not  so  much  felt, 
owing  to  the  introduction  of  improved  flanging  machinery ;  but  where 
hand- work3  and  short  heats  were  resorted  to,  the  evil  prevailed  as 
badly  as  ever.  The  metal  must  be  either  hot  or  cold  ;  to  attempt  to 
work  it  between  these  limits  was  dangerous. 

If  the  rivet-holes  of  the  longitudinal  seams  were  drilled  before 
bending  the  plates  (page  522),  the  defect  suggested  by  Mr.  Head 
would  certainly  be  experienced;  but  this  was  ^seldom  if  ever  done. 
As  regarded  steel  and  iron  rivets  (page  522),  when  carefully  heated 
and  closed  in  with  a  proper  load  he  considered  the  steel  rivets  were 
to  be  preferred.  It  was  certainly  true  that  they  were  worse  to 
remove  when  repairs  were  necessary ;  but  on  the  other  hand  it  might 
be  said,  the,  better  the  riveting,  the  tighter  would  be  the  seams,  and 
the  less  likelihood  would  there  be  of  repairs. 

As  long  ago  as  1872  he  had  used  a  set  of  horizontal  bending 
rolls  in  which  the  top  and  front  rolls  were  so  close  as  to  carry  the 
sweep  to  the  extreme  end  (page  523) ;  but  as  the  adjusting  roll  was 
at  the  back,  it  necessitated  reversing  the  plate  in  the  rolls.  These 
very  rolls,  though  on  that  account  slightly  inconvenient,  were  still  in 
use.  The  handiest  and  j)erhaps  the  best  rolls  at  present  in  use  were 
the  group  of  four  vertical  rolls,  three  of  which  were  adjustable,  and 
one  was  fixed.  These  carried  the  sweep  to  the  extreme  ends  without 
reversing  the  plate  in  the  rolls.  There  was  no  doubt  that  any  of  the 
large  machine-makers  would  now  produce  rolls  giving  similar  results. 
In  conclusion  it  should  also  be  remembered  that  the  boiler- 
maker,  whatever  was  his  practice,  was  not  always  allowed  to  have 
his  own  way,  but  had  to  work  to  the  specifications  of  other  engineers. 

The  President  said  that  in  connection  with  the  present  paper  he 
could  not  help  calling  to  mind  how  largely  the  great  improvement 
of  Lancashire  boilers  and  stationary-engine  boilers  was  due  to  the 
services  rendered  to  mechanical  engineering  by  their  late  Vice- 
President,  Mr.  Daniel   Adamson.      He  himself  was  old  enough  to 
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remember  when  boilers  were  made  altogether  by  the  rule  of  thumb  ; 
the  parts  were  put  together  and  fastened  in  so  crude  a  manner  that 
the  finished  boilers  were  little  better  than  sieves.  Years  ago  Mr. 
Adamson  had  taken  a  great  deal  of  trouble  with  boiler  making :  to 
him  was  largely  due  the  introduction  of  steel  into  the  manufacture 
of  boilers,  at  a  time  when  the  use  of  steel  for  this  purpose  was  far 
from  popular ;  and  no  small  amount  of  confidence  was  required  to 
advocate  such  a  procedure.  Tenacity  of  purpose  however,  and  the 
courage  of  his  opinions,  were  leading  features  in  Mr.  Adamson's 
character ;  and  he  had  lived  to  see  his  views  approved  and  adopted 
far  and  wide  with  the  greatest  advantage  to  all  concerned.  He 
was  sure  therefore  that  the  Members  of  this  Institution  could  not 
listen  to  a  paper  like  that  now  read  without  paying  a  tribute  of 
gratitude  to  Mr.  Adamson  for  all  that  he  had  done  to  put  boiler 
making  on  a  scientific  footing.  Having  himself  been  brought  up 
originally  in  the  same  shops  as  Mr.  Adamson,  he  had  known  him 
nearly  all  his  life,  and  entertained  the  greatest  respect  for  his 
memory  ;  and  in  listening  to  this  paper  he  could  not  help  recalling 
the  olio  its  that  Mr.  Adamson  had  made  to  produce  boilers  like 
those  in  use  at  the  present  time.  Ho  had  now  much  pleasure  in 
proposing  a  vote  of  thanks  to  Mr.  Boswell  for  his  paper,  and  for  the 
useful  practical  hints  which  he  had  given.  These  he  had  no  doubt 
would  be  found  advantageous  in  facilitating  anything  that  might  be 
done  still  further  to  improve  the  construction  of  Lancashire  boilers. 


Mr.  Edwabd  Ci.  Hellbb  wrote  that  the  paper  appeared  to  him  to 
bo  valuable,  partly  as  indicating  the  way  in  which  BOme  of  Un- 
recognised imperfections  of  the  Lancashire  boiler  may  be  overcome, 

but    inoic  m   to   BOme  I    summing   up   the  improvement^   which 

have   been  effected  and  which  are  DOW  generally  adopted    by  the   1 

makers  in  the  construction  of  such  boilers.  Tt  i^  in  detail  certainly 
that  improvement  i-  to  be  observed;  far  in  general  form  and 
proportions  the  Lancashire  boiler  of  today  differs  little  from  that  of 


536  BOILER    CONSTRUCTION.  Oct.  1891. 

(Mr.  Edward  G.  Hiller.) 

about  twenty  years  ago.  About  that  time  the  ruling  size  of  boilers 
for  cotton  mills  was  28  to  30  feet  length  by  7  feet  diameter,  and  the 
safety-valve  load  was  from  60  to  80  lbs.  per  square  inch;  while 
today  the  improvements  in  the  details  of  construction  and  in  the 
material  have  enabled  boilers  to  be  constructed  for  100  to  150  lbs. 
working  pressure  with  as  much  confidence  as  previously  for  80  lbs., 
and  the  ruling  size  for  the  best  mill  boilers  is  30  feet  length  by 
8  feet  diameter  with  100  lbs.  pressure  per  square  inch.  There  appears 
to  be  a  general  tendency  to  higher  pressures ;  many  boilers  are  being 
constructed  for  150  lbs.,  and  some  for  even  200  lbs. 

The  main  features  in  which  the  modern  boiler  differs  from  the 
earlier  are: — firstly,  in  the  use  of  steel  instead  of  iron  for  its 
construction ;  secondly,  in  the  drilling  of  the  rivet  holes  after  the 
plates  have  been  bent,  instead  of  punching  them  before  bending ; 
and  thirdly,  in  the  general  adoption  of  the  Adamson  flanged  joint,  or 
some  other  effective  mode  of  strengthening  the  flue  tubes. 

The  steel  plates  manufactured  for  boilers  appear  to  be  generally 
well  adapted  for  their  intended  purpose,  being  of  high  tensile 
strength,  ductile,  and  usually  free  from  liability  to  be  rendered  hard 
by  overheating.  The  tensile  strength  given  in  the  paper,  of  not 
less  than  26  tons  per  square  inch  and  not  more  than  30,  is  quite 
satisfactory  for  shell  plates  ;  but  where  the  flue  plates  are  to  be  lap- 
welded  and  each  ring  afterwards  flanged,  it  is  generally  preferable 
to  require  a  tensile  strength  of  24  to  28  tons,  with  a  view  to  obtaining 
a  material  better  suited  to  stand  the  flanging,  and  easier  to  weld. 
The  usual  mode  of  testing  the  strips,  although  apparently  ensuring 
satisfactory  results  generally,  appears  hardly  to  be  based  on  scientific 
grounds,  since  the  whole  of  the  elongation  is  measured,  including  the 
local  necking  down  which  takes  place  shortly  before  rupture.  A 
fairer  basis  of  comparison  would  be  to  take  account  of  the  elongation 
up  to  the  point  of  maximum  total  load,  thereby  avoiding  the  influence 
of  the  local  stretching  which  takes  place  after  that  point  has  been 
reached.  The  bending  test  depends  on  the  manner  in  which  it  is 
carried  out;  the  use  of  proper  clips  and  levers  to  bend  the  strips 
gradually  is  much  more  likely  to  give  satisfactory  results  than  when 
the  bending  is  done  under  the  steam  hammer. 
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The  butt  joint  with  double  straps  is  undoubtedly  the  best  seam 
for  the  longitudinal  joints,  and  should  be  invariably  adopted  for 
pressures  of  80  lbs.  and  upwards.  By  the  direct  transmission  of  the 
stress  any  such  change  of  form  under  varying  pressures  as  is  inevitable 
with  lap  joints  is  avoided  ;  while  the  fact  that,  when  the  rivets  till 
the  holes,  any  leakage  has  to  pass  through  at  least  double  the  distance 
compared  with  a  lap  seam,  greatly  reduces  the  liability  to  leakage. 
In  the  method  of  finishing  the  junction  of  the  longitudinal  butt  joint 
and  the  ring  seam  the  practice  of  good  makers  varies.  Many  thin 
the  ends  of  the  straps  and  tuck  them  under,  in  the  manner  described 
in  the  paper ;  and  this  is  generally  the  easier  plan  for  making  a 
tight  joint.  The  other  plan,  of  butting  the  ends  of  the  straps  against 
the  ring  seam,  requires  careful  fitting,  and  by  some  of  the  best  makers 
is  regularly  and  successfully  done.  In  the  arrangement  of  the 
riveting  in  the  longitudinal  seams  there  is  some  diversity  of  practice. 
Double  chain-riveting  is  used  in  some  cases,  d  rable  zigzag  in  oth. 
As  a  general  rule  the  zigzag  arrangement  is  preferable,  because  it 
minimises  any  danger  of  leakage.  But  tight  work  is  obtained  with 
the  best  chain-riveting;  for  instance,  with  o*  inches  pitch  of  13-16ths 
inch  rivets  (finished  size),  in  shell  plates  9-16ths  inch  thick  and  butt 
Btraps  7-l<»ths  inch  thick,  for  100  lbs.  working  pressure;  and  t. 
method  admits  of  a  neater  finish  at  the  ring  m;uu>. 

The  shell  ring  Beams  are  of  especial  interest,  inasmuch  as  the 
practice    is    by    no    means    uniform    for    high    pressures.     Thus    for 

pressures  of  120  Lbs.  and  upwards  many  boilers  are  now  constructed 
with  double-riveted  ring  Beams.  This  is  certainly  <piito  unnecessary, 
b  i  far  as  strength  is  concerned  ;  whether  it  La  really  necessary  for 
preventing  I  cperienoe will  show;  but  it  must  be  remembered 

that  the  double   thicl.  i   thick  plates  increases  any  liability  to 

overheating;  and  where  deposit  is  present  in  the  boiler  and  the  £ 
gases  are  at  a   high  temperature,  the  double-riveted   Beam  will  be 
more  liable  to  burning  and  fractal 

r  om  the  experiment  quoted  in  regard  to  Local  heating  (page  1*7) 
it  is  apparently  argued  that  there  is  little  danger  t«i  i  I  from 

Local  heating  of  steel  boiler  plates  of  the  proper  Quality.  This  is 
probably  true  in  general,  and  doubtless  the  stipulation-  in  rasped 
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testing  by  local  heating  arose  from  the  harder  steel  plates  at  first 

used,  which  in  many  cases  were  liable  to  hardening  when  so  treated. 

At  the  same  time,  seeing  that  the  heating  is  not  absolutely  necessary 

and  in  the  working  of  the  boiler  ought  properly  never  to  occur,  it  is 

better  to  avoid  it  as  far  as  possible  in  construction. 

Although  in  the  best  work  drilling  is  invariably  adopted  for  the 
rivet  holes,  punching  is  yet  advocated  by  some  boiler-makers  on  the 
ground  that  the  taper  form  of  the  holes  when  properly  made  assists 
the  rivets  to  nip  the  plates  together ;  and  at  the  same  time  there  is 
little  doubt  that  careful  punching  does  not  materially  injure  the  soft 
steel  plate  adjacent  to  the  holes.  All  punching  however  has  to  be 
done  before  the  plates  are  bent  to  form;  and  the  bending  after 
punching  is  liable  to  cause  undue  bend  at  the  line  of  rivet  holes,  and 
this  in  the  case  of  hard  plates  has  probably  been  the  cause  of  some 
few  explosions.  Drilling  on  the  other  hand  is  done  after  the  plates 
have  been  bent  to  form,  thereby  avoiding  this  danger ;  and  the  holes 
being  uniform  and  truly  opposite  each  other,  the  rivets  fill  them 
more  easily,  tending  to  prevent  leakage  and  to  ensure  equal  distribution 
of  the  stress. 

For  the  flues  7-16ths  inch  has  generally  been  the  maximum 
thickness  of  the  plate  with  flanged  seams,  until  recently  ;  and  the  plates 
have  usually  been  lap-welded.  The  welds  obtained  in  this  manner 
generally  appear  to  be  sound,  but  often  somewhat  rough  in  finish. 
For  thicker  plates  and  higher  pressures,  the  weld  made  with  a  glut 
piece  inserted  between  the  edges  of  the  plates  certainly  appears  to  be 
more  satisfactory;  but  to  finish  a  weld  in  first-class  style  by  this 
method  or  the  other  requires  special  appliances,  such  as  are  not  to  be 
found  in  many  boiler  works.  To  obtain  really  circular  flues,  say 
within  l-8th  or  3-16ths  inch  of  the  true  circle,  the  flue  rings  require 
resetting  after  welding  ;  and  to  anneal  them  thoroughly,  the  whole 
ring  should  be  heated  to  a  dull  red.  But  this  is  seldom  done  ;  and 
indeed  with  the  great  strength  of  the  Adamson  flanged  joint  it  would 
appear  that  a  deviation  of  \  or  §  inch  from  the  true  circle  may  in 
ordinary  cases  be  safely  allowed. 

Of  the  modes  of  strengthening  the  flues,  the  Adamson  flanged 
joint  is  that  most  generally  adopted.     It  is  available  for  all  makers, 
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and  the  machinery  necessary  for  its  construction  is  comparatively 
simple,  while  when  made  with  proper  care  the  joint  is  one  of  the  1  > 
modes  of  forming  a  strong  flue.  The  flanges  and  calking  rings  form 
practically  rigid  abutments,  which  greatly  strengthen  the  flue  in 
ordinary  work,  and  in  the  event  of  overheating  are  invaluable.  As  a 
working  seam  the  great  advantage  of  this  joint  is  that,  when  the  flue 
is  welded  longitudinally,  no  rivets  at  all  are  exposed  to  the  flame. 
The  statement  in  page  -103  that  a  flange  at  i  am  gives  an  exc 

of  strength  may  be  true  for  a  particular  furnace  : — thus  with  a  flue 
3  ft.  2  ins.  diameter,  7-lGths  inch  plates,  and  100  lbs.  pressure, 
flanged  joints  3  feet  apart  will  give  an  anij)le  margin  of  strength. 
For  higher  pressures  however  the  flanged  joints  should  of  course  be 
nearer  together,  their  distance  depending  also  upon  the  thickness  of  the 
plat.  .  For  all  pressures  above  GO  lbs.  the  flues  should  certainly  be 
strengthened  by  hoops  or  flam.     I  :  and  any  proposal  to  dispense 

with  such  supports  at  higher  pressures  would  show  that  careful 
supervision  was  needed  (page  194)  not  only  of  the  construction  but 
also  of  the  design.  The  howling  or  Bolton  hoop,  though  a  good 
means  of  strengthening  flues,  is  more  expensive  than  the  flanged 
joint;  such  hoops  require  great  care  in  shrinking  on,  so  as  to  ensure 
a  tight  joint  and  at  the  same  time  to  avoid  straining  the  hoop.  The 
Da1.  man   and  the  Hawksley-Wild  seams  are  also  sneeessfully 

used  for  high  pressures.     In  both  of  these  the  whole  of  the  plat, 
exposed  to  the  water  on  one  side  and  to  the  fire  on  the  other,  t 
to  uniform  expansion  ;    whereas   in  the  Adamsou  flanged  joint  the 
body  of  the  flue  Lb  i  the  fire,  while  th<  -  are  in  wal 

only;  hence  the  body  tends  to  expand  radially  more  than  the  flan 
setting  up  a  movement  at  the  bend  of  the  flanges,  which  under  some 
circumstances  will  result  in  grooving.     1"   -.'•  corrugated  Hues  hi 
i  used  in  Lancashire  boilers,  though  not  to  the  same  extent  as  in 

marine  ;    but  until   recently  the   writer  believes   the   Purves   flue   lias 

not  been  applied  t  i  Lancashire  boilers,  for  the  fur  t'  which  it 

would  appear  especially  suitable  at  high 

The  ends  of  Lancashire  boilers  not  .  |  diameter  and 

not  above  -,,(>  Lbs,  pn  i    I  not  be  more  than  5-8ths  inch  thick  ; 

and  the  princi  m  should  be  to  Beoun         tactically 


540  BOILER    CONSTRUCTION.  OCT.  1891. 

(Mr.  Edward  G.  Hiller.) 

rigid  end  outside  the   breathing  circle  of  each  furnace.      For  the 

breathing  consequent  upon  the  expansion  of  the  flues  there  should  be 

from  8  to  10  inches  distance  above  the  flues,  between  the   nearest 

gusset-stay  rivets   and  those  attaching  the  flues  to  the  ends;    and 

below  the  flues,  where  the  expansion  is  less,  4  to  6  inches  will  be 

sufficient.      The  paper  appears  to  advocate  setting  out  the   gusset 

stiays  so  as  to  secure  a  nearly  equal  distribution  of  stays  on  the  end 

platen.     This  would  be  satisfactory,  if  the  necessary  setting  of  the 

angles,  Consequent  upon  the  gussets  not  being  radial,  could  be  easily 

and  accurately  carried  out :  but  experience  rather  points  to  difficulty 

in  this  respect.     Generally  the  finish  of  the  gusset  stays  is  one  of  the 

least  satisfactory   features ;  and  it  would  appear  better  to  place  the 

gussets  radially,  anul  thereby  avoid  any  such  difficulty  as  the  other 

course  entails,  especially  as  radial  gussets  can  be  arranged  practically 

to  give  ample  support  to  tn>e  ends.     Gusset  angles  are  difficult  to  set 

accurately  ;  and,  the  attempt  i*p  alter  them  from  the  right  angle  often 

results  in  their  gaping  open  froxb^  the  gusset  plates  and  not  gripping 

them.     For  boilers  of  7J  or  8  fee  +,  diameter,  five  gussets  above  the 

flues  are  usually  adopted;  but  four    gussets  properly  arranged  are 

really  quite  satisfactory,  at  least  up  tc-)  150  lbs.  pressure  per  square 

inch.     For  higher  pressures  special  car^  £s  needed  in  arranging  the 

riveting  of  the  gusset  angles  to  the  shexil  plates,  in  order  that  the 

longitudinal   section   through  the  gusset  livet-holes   shall  not  fall 

below  the  percentage  strength  of  the  longitudinal  seam. 

The  argument  referred  to  in  page  49?  ;  that  the  hydraulic  test  is 
of  little  use,  has  been  in  connection,  the  writer  thinks,  with  the 
employment  of  this  test  as  a  criterion  0f  the  condition  of  old  boilers. 
For  old  boilers  the  hydraulic  test  is  ^  useful  check  upon  the  complete 
examination  which  must  always  f^rm  the  basis  of  any  reliable  opinion 
as  to  the  strength  of  an  old  bonier.  In  such  cases  the  test  by  itself  is 
certainly  not  reliable  :  the  effect  of  the  steady  water-pressure  is  quite 
different  from  that  of  the,  varying  steam-pressure,  which  in  ordinary 
work  is  combined  with  severe  stresses  due  to  unequal  expansion. 
Only  too  often,  where  tl  ie  hydraulic  test  alone  has  been  relied  on,  has 
explosion  taken  place  ?<,t  a  pressure  considerably  below  the  hydraulic 
test  which  had  previously  been  successfully  withstood.     The  hydraulic 
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test  however  is  always  useful  for  ascertaining  the  tightness  of  riveted 
work  and  of  the  boiler  generally,  and  also  as  regards  the  efficiency  of 
the  staying  of  the  flat  ends  ;  and  for  this  purpose  it  is  most  valuable 
for  new  boilers. 

The  questions  of  construction,  dealt  with  by  the  author,  are 
generally  so  nearly  connected  with  that  of  design,  which  is  considered 
in  some  of  its  relations,  that  the  writer  thinks  the  value  of  the  paper 
would  not  have  been  diminished,  had  the  latter  question  been  touched 
upon  in  further  detail ;  and  the  subject  would  thereby  have  been 
rendered  more  complete. 

Mr.  Alexander  Turnbull  wrote  about  the  mounting  blocks  or 
stand-pipes  referred  to  in  page  499  of  the  paper,  where  it  is  mentioned 
that  steel  eastings  have  been  broken  in  bedding  to  the  plate,  and  are 
sometimes  so  porous  as  to  give  much  trouble  in  leakage.  Such 
castings  are  of  a  kind  which  were  too  often  supplied  some  time 
ago,  but  great  improvements  have  recently  been  effected  in  their 
manufacture ;  and  as  himself  a  manufacturer  of  the  superior  steel 
castings  now  largely  produced,  he  is  surprised  to  hear  of  the  former 
inferior  castings  being  still  made. 

Mr.  George  Ratldti  wrote  that,  so  far  from  steel  castings  being 
unsuitable  for  manhole  seatings  of  steel  boilers  (page  499),  a  gi 
number  are  now  employed,  some  of  which  have  been  in  use  for  a  long 
time.  It  is  true  that  some  have  been  better  made  than  others  ;  but 
many  steel  founders  are  now  capable  of  producing  perfectly  reliable 
and  Bound  castings,  which  will  pass  successfully  all  the  tots  required 
by  the  Admiralty  and  the  Board  of  Trade. 

Dr.  Axixahdbs  C.  Kikk  wrote  that  Ik-  feared  bat  little  attention 
was  oft  □  given  to  the  importance  in  machine  riveting  of  keeping  the 
pressure  on  tin-  rivet  till  the  red  heal  \\  •.  and  the  body  of  the 

rivet  had  acquired  strength  sufficient  to  retain  the  plates  in  cl 
oontacl  after  the  pressure  was  removed,  so  that  they  ought  then  bo 

drawn  .-till  closer  together  during  the  further  cooling  and  shrink.; 

of  the    rivet.      The    thicker  are    the   plates    t<>     I  the    n, 
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important  is  this  point ;  the  plates  of  1 J  to  If  inch  thickness  now 
used  for  hoiler  shells  have  often  a  considerable  tendency  to  draw 
apart  after  riveting,  and  much  bad  and  leaky  work  is  the  consequence 
if  the  pressure  of  the  riveting  machine  is  prematurely  taken  off. 
There  is  no  doubt  that  Mr.  Edwin  Clark  was  quite  right  when  he 
attributed  the  absolute  immobility  of  riveted  joints  under  working 
strains  to  the  friction  produced  between  the  plates  by  the  intense 
grip  of  the  rivets ;  and  absolute  immobility  of  the  joints  is  essential 
to  their  remaining  water-tight  while  at  work.  Though  the  friction 
of  the  joints  may  be  insufficient  during  a  water  test,  for  instance, 
and  the  plates  may  slip  a  little,  they  may  yet  be  made  quite  water- 
tight by  calking ;  but  in  the  actual  working  of  a  boiler  the  joints 
are  subjected  to  reciprocating  strains  by  unequal  expansion  and 
contraction,  and  under  these  circumstances  if  they  slip  backwards 
and  forwards,  although  but  a  hair's  breadth,  they  quickly  become 
leaky.  The  writer  makes  it  a  constant  practice  to  throw  a  small 
jet  of  cold  water  upon  the  plates  on  both  sides,  while  the  pressure 
is  continued  on  the  rivet.  This  has  the  double  effect  of  keeping 
down  the  heating  of  the  plates,  and  also  of  ensuring  that  a  certain 
delay  takes  place  before  the  pressure  is  released.  In  order  to 
maintain  water-tightness  in  marine  work,  treble  riveting  is  often 
applied  to  circumferential  seams,  which  are  often  strained  by  unequal 
expansion ;  whereas  the  proper  course  would  be  to  see  that  the 
plates  are  held  together  firmly  enough  by  the  single  row  of  rivets 
which  is  sufficient  for  the  strength  of  a  circumferential  joint. 

Mr.  Boswell  wrote  that  he  was  in  accord  with  the  opinions 
expressed  by  Mr.  Hiller  (pages  535-541),  who  had  gone  into  some 
details  more  fully  than  the  paper  itself  would  admit  of.  He  was 
glad  to  hear  that  the  manufacturers  of  steel  castings  had  now  such 
confidence  in  their  productions  (page  541) ;  but  up  to  the  present  he 
had  had  just  cause  to  complain. 


Oct.  1801. 


REPORT  TO  THE  ALLOYS  RESEARCH  COMMITTEE. 


By  Professor  W.  C.  II  <  )i:i:i:i--Al">  Ti;\.  «    l;.  li;> 


At  the  request  of  the  Alloys  Research  Committee  I  began  in  April 
L890  to  investigate  the  effects  of  small  admixtures  of  certain  elements 
on  the  mechanical  ami  physical  properties  of  Iron,  Copper,  and  Lead. 
The  Committee  desired  me  to  extend  an  investigation  I  had  previously 
made  upon  the  application  of  the  "  periodic  law  "  of  Xewlands  and 
l£<  ndieleef  to  the  mechanical  properties  of  metals.  This  law,  as 
originally  expressed,  states  that  ;' the  properties  of  the  elements  are 
a  periodic  function  of  their  atomic  weights."  It  had  already  been 
shown  that  the  effect  of  impurities  added  to  gold  is  nearly  proportional 
ti»  their  atomic  volume,  the  larger  the  volume  of  the  atom  the  greater 
being  its  effect  ;•  and  it  became  interesting  to  determine  whether  this 
holds  good  for  other  metals. 

The  Committee  considered  it  desirable  that  iron  should  be  the 
metal  firsi  examined;  but  the  problem  has  fortunately  been  attacked 

l.v  M.  Osmond,'}  the  results  of  whose  recenl  investigations  have  gone 

far  t"  show  that  there  are  two  distinct  varieties  of  pure  iron,  the  a  or 
•    and     the    /8    or    hard    form:     and    further     that    the    action    of 

impurities  on  iron  does  appear  to  be  in  accordance  with  the  periodic 
law.    The  foreign  elements,  whose  inflm  noe  on  the  critical  point-  of 

iron  lie  ha-  studied  i -\pci imeiitally  with  more  or  leas  completeness, 


*  Philoeopl      11  Boyalfl  179,  ]  388,  p  8 

t  Comptei  Etendua,  rol  590,  p  846     11m  rasulti  ol  bk  ezperimenta 

an  piven  in  detail  in  the  Journal  of  the  boo  and  Steel  Institute,  1890,  part  I. 
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are  ranged  as  follows  in  two  columns  in  the  order  of  their  atomic 

volumes,  found   by  dividing  their  atomic  weight    by  their   specific 

gravity  :— 

I.  II. 

Chromium  7 '  7 

Tungsten  9-6 

Silicon  11-2 

Arsenic  13  ■  2 

Phosphorus  13*5 

Sulphur  13-7 

He  points  out  "that  the  elements  in  column  I,  whose  atomic 
volumes  are  smaller  than  that  of  iron  (7*2),  delay  during  cooling 
coeteris  paribus  the  change  of  /?  or  hard  iron  into  a  or  soft  iron, 
as  well  as  that  of  "hardening  carbon"  (carbone  de  trempe)  into 
"  carbide  carbon "  (carbone  de  recuit).  For  these  two  reasons 
they  tend  to  increase,  with  equal  rates  of  cooling,  the  proportion 
of  /5  or  hard  iron  that  is  present  in  the  cooled  iron  or  steel, 
and  consequently  the  hardness  of  the  metal.  Indeed  their  presence 
is  equivalent  to  more  or  less  energetic  hardening  produced  by 
rapid  cooling.  On  the  other  hand,  elements  whose  atomic  volumes 
are  greater  than  that  of  iron  (column  II)  tend  to  raise,  or  at  least  to 
maintain  near  its  normal  position  during  cooling,  the  temperature  at 
which  the  change  of  (/3)  hard  to  (a)  soft  iron  takes  place.  Further, 
they  render  the  inverse  change  during  heating  more  or  less 
incomplete,  and  usually  hasten  the  change  of  dissolved  or  "  hardening 
carbon "  to  "  carbide  carbon."  Thus  they  maintain  iron  in  the  (a) 
soft  state  at  high  temperatures,  and  must  therefore  have  the  same 
effect  in  the  cooled  metal.  In  this  way  they  would  act  on  iron  as 
annealing  does,  rendering  it  soft  and  malleable,  did  not  their 
individual  properties,  or  those  of  their  compounds,  mask  this  natural 
consequence  of  their  presence.  The  essential  part  played  by  foreign 
elements  alloyed  with  iron  is  therefore  either  to  hasten  or  to  delay  the 
passage  of  iron  during  cooling  to  an  allotropic  state ;  and  to  render 
the  change  more  or  less  incomplete,  in  one  direction  or  the  other, 
according  to  whether  the  atomic  volume  of  the  added  impurity  is 
greater  or  less  than  that  of  iron.  In  other  words,  foreign  elements 
of  low  atomic  volume  tend  to  make  iron  itself  assume  or  retain  the 
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particular  molecular  form  which  possesses  the  lowest  atomic   volume, 
whilst    elements   with    large   atomic    volume    produce    the    inv» 
effect. 

It  will  be  evident  that  if  iron  itself  can  exist  in  two  widely 
different  states,  each  with  properties  of  its  own,  the  mechanical 
properties  of  given  samples  of  iron  and  steel  must  depend  upon  the 
relative  proportions  of  the  two  modifications  of  iron  present  in  the 
mass.  And  it  will  also  be  evident  that  the  nature  of  the  inflnenoe 
of  imparities  on  iron  is  far  more  complicated  than  in  the  case  of  gold, 
their  primary  effect  on  iron  being  either  to  hasten  or  to  delay  the 
passage  of  the  metal  from  its  normal  state  to  another,  which  possess*  - 
widely  different  molecular  aggregation,  and  consequently  different 
properties.  In  the  case  of  gold,  it  is  possible  that  the  molecular 
constitution  of  the  precious  metal  is  simpler  than  that  of  iron  ;  each 
molecule  may  consist  of  but  few  atoms,  and  therefore  there  may  not 
be  the  same  scope  for  pronounced  change  of  properties  which  could 
follow  re-arrangement  of  atoms  in  the  molecules.  The  action  of  an 
impurity  may  probably  be  more  direct  in  the  case  of  gold,  as  its 
influence  is  not  initially  exerted  in  re-arranging  the  atoms  in  a 
molecule,  but  in  affecting  the  mutual  relations  of  the  molecules 
themselves.  Qr  it  maybe  that  the  Lowering  of  the  freezing  point, 
which  is  effected  by  the  presence  of  impurity,  may  enable  the  cooling 
gold  to  assume  a  crystalline  Btruoture  which  is  detrimental  to  its 
tenacity,  if  not  destructive  of  it. 

The  difficulties  of  obtaining  for  dm ichanical  tests  maonofl  of  iron 
with  only  definite  amount-  of  i  single  impurity  are  very  great,  and 
it  is  therefore  very  difficult  to  extend  Osmond's  research;  but  of  the 
practical  importance  of  bis  experiments  there  can  be  no  qui  stion,  and 
their  full  significance  may  become  more  apparent  by  investigating 
the  action  of  impurities  on  some  other  metal,  the  1»<  haviour  of  which 
suggests  Btrong  probability  that  it  can  exist  in  an  allotropie  state. 
In  new  however  of  the  importance  of  Osmond's  research,  it  was 
considered  desirable  to  confirm  bis  main  results,  adopting  an 
independent  method  of  observation,  as  will  be  stated  subsequently. 

Lead,  which  is  one  of  the  metals  the  Committer  selected  for 
investigation,    probably    exists    in     more    than    one    modification. 

2  i  a 
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Muschenbroeck  and  afterwards  Guyton  de  Morveau  *  showed  that 
the  cohesive  force  or  tenacity  of  lead  is  increased  by  hammering 
or  drawing ;  and  the  latter  speaks  quite  clearly  of  molecular  strain 
produced  by  the  mechanical  treatment.  Bolleyf  has  shown  that 
"chemically  active"  lead  may  be  prepared  by  electrolytic  action; 
and  W.  Spring  J  has  gone  far  to  show  that  the  polymerization 
(or  increase  in  the  number  of  atoms  in  a  molecule)  of  lead- 
tin  alloys  may  take  place  at  temperatures  below  their  melting 
points.  The  observation  made  by  Coriolis,§  that  lead  increases  in 
hardness  by  successive  meltings,  even  if  protected  from  oxidation, 
may  not  be  without  significance.  I  have  made  a  great  many 
experiments  on  the  mechanical  properties  of  lead  as  affected  by  a 
small  quantity  of  impurity  ;  but  as  yet  it  has  not  been  found  possible 
to  obtain  definite  or  even  concordant  results.  The  tenacity  and 
extensibility  of  lead  seem  to  be  greatly  influenced  by  the  temperature 
at  which  the  metal  is  cast ;  and  the  difficulty  of  avoiding  the  presence 
of  flaws  and  blow-holes  is  very  great.  This  portion  of  the  enquiry 
has  therefore  been  set  aside  for  the  present,  as  it  is  probable  that 
more  valuable  evidence  of  allotropic  changes  will  be  afforded  by 
thermal  than  by  mechanical  measurements. 

Pyrometer. — In  order  to  carry  out  the  investigation,  a  really 
trustworthy  Pyrometer  is  required,  The  admirable  investigations 
of  Callendar||  with  the  pyrometer  of  Siemens  have  restored  the 
confidence  in  it  which  had  been  shaken  by  a  Eeport  of  a  Committee 
of  the  British  Association.^  The  action  of  this  instrument  depends 
on  the  variation  of  resistance  presented  by  a  heated  platinum  wire 
placed  in  one  branch  of  a  divided  circuit ;  and  it  is  trustworthy  for 
temperatures  up  to  500°  C.  or  900°  Fahr.  Messrs.  Callendar  and 
Smith  **  have  shown  that  with  platinum  resistance  thermometers  a 


*  Annales  de  Chimie,  vol.  lxxi,  1809,  pp.  189-199. 

f  Liebig  und  Kopp,  Jahresbuch,  1849,  p.  278. 

%  Bulletin  de  l'Acadeinie  Royale  de  Belgique  [3],  vol.  xi,  No.  5,  1886. 

§  Annales  de  Chimie  et  de  Physique,  vol.  xliv,  1830,  p.  103. 

1J  Philosophical  Transactions  of  the  Royal  Society,  vol.  clxxviii,  1887,  p.  161. 

^  Report  of  the  British  Association,  1874,  p.  242. 

**  Proceedings  of  the  Royal  Society,  vol.  xlviii,  1890,  p.  220. 
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degree  of  accuracy  of  the  order  of  0*01  C.  or  0*02  Fahr.  may- 
be attained  at  temperatures  between  10(T  and  450°  C.  or  '2\'2  and 
840°  FaLr. 

In  the  present  investigation  it  is  necessary  to  measure  much 
higher  temperatures  ;  and  fortunately  an  accurate  method  is  at  hand. 
Early  in  1889  I  had  occasion  to  employ  the  pyrometer  devised  by 
31.  H.  Le  Chatelier,  and  was  satisfied  as  to  its  being  extremely 
trustworthy  and  convenient  up  to  temperatures  over  1,000°  Cor  1,800° 
Fahr.  The  instrument  in  met  enabled  me  to  confirm  the  fundamental 
observations  of  M.  Osmond  respecting  the  critical  points  of  iron  and 
steel,  and  to  demonstrate  the  results  in  a  lecture  delivered  before  the 
members  of  the  British  Association  in  September  lss9.*  Le  Chateli' 
pyrometer  I  believe  had  not  previously  been  employed  in  this 
country  ;  and  it  may  be  well  to  describe  it  in  some  detail,  as  such  an 
instrument  has  long  been  needed,  and  can  hardly  fail  to  be  of  much 
use  to   enginei  The  pyrometer |  consists  of  a  thermo-couple  of 

platinum,  and  platinum  containing  10  per  cent,  of  rhodium.    Thermo- 
couples have  long  been  used;  but.  pointed  out  by  Barns  i  in  an 
elaborate  memoir  only  recently  published,  the  earlier  invest 
unfortunately  employed    unsuitable     metals,   iron    And    palladium, 
which,    from    the    readiness   with   which    they    absorb    gases    and 
consequently  undergo  molecular  change,  arc  of  all  metals  probably 
the  least  suited  for  thermo-electric  pyrometry.    Osmond's  work  alone 
would  show  that  iron  is  specially  unsuitable  for  high-temperature 
thermo-couples.    Le  ( Shatelier's  pyromi  ter  is  based  on  the  measurem< 
of  the  electric  current  produced  by  heating  a  thermo-junotion  inserted 
m  a  circuit  with  a  galvano]                   siderable  resistance.    Ajb  already 
ted,  this  thermo-couple  consists  of  two  wi  h  about  0*5  mm. 
or  0-02  inch  diameter,  one  of  which  is  of  pure  platinum,  and  the 
other  of  platinum  containing  H>  percent,  of  rhodium.     The  junction 
of  the  win             simply  be             I  by  twisting  them  together  in 
either  of  the  forms  indicated  by  the  si                       land  I,  Plate  L16. 


*  'Natal  .  \        1889,  pp.  I  I. 

f  Journal  de  Physique,  voL  \  i. 

i  Survey,  No.  M,  1889. 
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The  junction  may  be  welded,  or  soldered  with  gold,  no  flux  being 
used ;  but  neither  of  these  methods  seems  to  possess  any  advantage 
over  a  double  twist.  This  junction  may  be  viewed  as  a  battery  ;  for 
when  it  is  heated  a  current  of  electricity  is  generated,  no  other 
source  of  electricity  being  employed.  It  is  asserted  that  even  long 
wires  of  the  platinum-rhodium  alloy  are  homogeneous,  and  therefore 
do  not  give  rise  to  subsidiary  currents,  which  would  disturb  the  effect 
of  the  main  current  produced  by  heating  the  junction ;  but  very 
careful  experiments  to  determine  whether  this  is  the  case  have  yet  to 
be  made.  From  analogy  with  platinum-gold  alloys,  it  may  be 
doubted  whether  the  platinum-rhodium  alloy  is  of  absolutely  uniform 
composition.  The  thermo-electric  properties  of  platinum-rhodium 
wire  are  said  to  be  hardly  altered  by  stress,  or  by  exposure  to  rapid 
alternations  of  temperature;  nor  does  the  nature  of  the  gaseous 
atmosphere  in  which  the  couple  is  placed  appear  to  render  its  action 
untrustworthy.  The  present  experiments  have  shown  that  the  wires 
must  certainly  be  protected  from  the  vapour  of  silver,  or  from 
contact  with  carbon  or  silicon.  The  free  ends  of  the  platinum  and 
platinum-rhodium  wires  are  soldered  to  copper  terminals,  which  are 
kept  at  a  constant  temperature  by  being  plunged  into  test  tubes, 
filled  with  alcohol  and  immersed  in  water,  the  temperature  of  which 
can  be  observed  with  a  thermometer.  The  thermo-couple  measures 
the  difference  of  temperature  between  its  heated  junction  and  the 
copper  terminals. 

The  galvanometer  which  appears  to  be  best  suited  for  use  in 
connection  with  the  couple  is  a  reflecting  dead-beat  one,  which  bears 
the  names  of  Deprez  and  d'Arsonval ;  it  is  now  well  known  in  this 
country.  That  employed  in  the  following  experiments*  has  an 
internal  resistance  of  200  ohms.  The  arrangement  of  the  several 
parts  is  shown  in  Fig.  5,  Plate  116,  in  which  U  is  a  magnet,  B  a  coil 
of  wire  suspended  by  a  german-silver  wire  SS  and  moving  freely 
round  an  iron  core  C,  and  M  is  a  mirror  carried  by  the  same  wire  S. 
The  steadiness  of  the  spot  of  light  upon  the  screen  when  the  circuit 
is  closed  is  remarkable. 

*  Constructed  by  M.  Carpentier,  20  Rue  Delambre,  Paris. 
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<:  oj    Pyrometer. — The  electromotive  force  produced  by 

heating  the  thermo-junction  to  any  given  temperature  is  measured 
l>y  the  movement  of  the  spot  of  light  on  the  scale  graduated  in 
millimetres.  A  formula  for  converting  the  divisions  of  the  scale 
into  thermometric  degrees  is  given  by  M.  Le  Chatelier  ;  but  it  is 
far  better  to  calibrate  the  scale  by  heating  the  thermo-junction  to 
temperatures  which  have  been  very  carefully  determined  by  the  aid 
of  the  air  thermometer,  and  then  to  plot  the  curve  from  the  data  ><» 
obtained.  Many  fusion  and  boiling  points  have  been  established  by 
concurrent  evidence  of  various  kinds,  and  are  now  very  generally 
accepted.     The  following  table  contains  thirteen  of  these: — 


212    I".     . 

..      100°  c. 

B  iling  poinl  of  water. 

618 

32 

|f<  l;in_:  point  <>f  Lead. 

. 

..      :;.  3 

Boiling  point  of  mercury. 

. 

1 1 :. 

Melting  poinl  of  /inc. 

838° 

L48 

Boiling  poinl  of  ralphnr. 

1157 

..      I 

Melting  point  of  aluminium. 

l-ri'j 

1 

1 1. .ilinLr  poinl  of  selenium. 

. 

..      945 

Melting  poinl  of  silver. 

. 

..     1015 

1 1 . .  t :  i  r- .-  i  1 1 1 1 1  sulphate. 

1918 

..     1045 

Id. 

. 

..     ]< 

copper. 

2782 

...     L500 

palladium. 

3227 

..17 

platinum. 

The   known   temperature-   employed   foi   calibrating  the   thenno- 

junction   referred  to  in  1 1 1 1 -•  Report  are  the  boiling  point  of  water 
LOO   C.j  tin-  melting  points  of  lend  326  .  zinc   U5  ,  and  aluminfmn 
be   boiling   points  of  sulphur   148  ,  and  selenium  and 

the  melting  point  of  potassium  sulphate  1015°.     The  melting  point 
of  silver  946   is  one  of  the  points  which  rests  on  more  evidence  than 
any  oilier;  [find  however  that,  when  it  i-  carefully  determined  and 
interpolated   in   the  curve,  the  number   is  only  920     C;    this 
doubtless   owing    to    retention  of  gas  by  the  natal.     The  melting 

point  of  gold  L045    ('..and  ViolleV  determination  of  that  of  palladium 

Philoi  M  L  viii  (i  .   L879,  |  \iii 

I-.   147 ;  Comptea Bendus,  voL  l\\\i\.  No   17,  pp 
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1500°,  are  generally  accepted.     These  several  fixed  temperatures  have 
been  used  as  the  basis  of  the  calibration. 

In  Fig.  2,  Plate  115,  some  of  these  temperatures  are  taken  as 
ordinates,  while  the  abscissa?  are  the  deviations  of  the  spot  of  light 
which  marks  the  temperature  at  the  thermo-junction.  It  will  be 
evident,  since  these  points  fall  so  close  to  an  even  curve,  that  much 
confidence  may  be  placed  in  the  trustworthy  nature  of  the  pyrometer. 
It  may  be  noted  that  the  position  here  marked  for  the  boiling  point  of 
water,  namely  at  about  90°  C,  is  of  course  not  the  true  boiling  point  of 
water,  but  is  the  difference  between  the  true  boiling  point  100°  C.  and 
the  observed  temperature  10°  C.  of  the  cold  junction  of  the  pyrometer. 
In  the  various  determinations  the  latter  temperature  varied  from  10° 
to  15°  C,  or  50°  to  60°  Fahr. 

It  was  hardly  to  be  expected  that  the  determination  of  the 
melting  point  of  j>alladium  would  yield  a  figure  which  falls  so  fairly 
into  line  with  lower  melting  points  ;  and  it  may  be  well  to  add  a  few 
details  as  to  the  manipulation.  A  globule  of  palladium  weighing 
about  2  grammes  or  30  grains  may  readily  be  melted  by  placing  the 
metal  in  a  cavity  in  a  sound  piece  of  charcoal.  The  charcoal  near 
the  button  is  ignited,  and  a  stream  of  oxygen  from  a  fine  clay  tube 
about  1  mm.  or  0*04  inch  diameter  is  directed  into  the  cavity.  A 
very  manageable  source  of  intense  heat  is  thus  obtained ;  and  a 
fused  globule  of  gold  or  palladium  may  be  tilted  on  to  the  junction 
conveniently  placed  in  the  cavity,  and  then  allowed  to  cool  there. 
The  globule  may  in  fact  be  melted  on  or  shaken  off  the  junction  as 
readily  as  a  drop  of  wax ;  and  the  slight  arrests  of  the  spot  of  light, 
which  mark  the  true  points  of  fusion  and  solidification,  can  readily  be 
detected  by  a  practised  observer.  It  has  already  been  shown  by 
M.  Le  Chatelier  that  soldering  the  junction  with  gold  in  no  way 
diminishes  its  sensitiveness  ;  and  this  appears  to  be  true  of  palladium. 
The  wires  however,  after  brief  exposure  to  the  alloying  metals  at 
this  very  high  temperature,  rapidly  become  destroyed  and  broken. 
In  some  cases,  as  in  that  of  determining  the  melting  point  of 
potassium  sulphate,  the  thermo-junction  may  be  plunged  without 
covering  into  the  midst  of  the  mass,  which  is  gradually  being  raised 
to  its  fusion  point.     In  the  case  of  a  metal,  the  thermo-junction  may 
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either  be  surrounded  by  a  portion  of  the  metal ;  or  a  strip  or  globule 
of  the  metal  may  be  placed  in  a  crucible  filled  with  some  substance 
difficult  of  fusion — silica  or  calcined  magnesia — in  close  proximity  to 
the  thermo-junction.  The  temperature  is  very  gradually  and  steadily 
raised,  until  the  metal  begins  to  fuse;  a  Fletcher  oxygen  furnace 
answers  well.  The  moment  at  which  fusion  begins  is  indicated  by 
an  arrest  in  the  movement  of  the  spot  of  light ;  followed,  if  the  mass 
of  metal  be  small,  by  a  rapid  forward  movement  when  the  fusion  is 
complete.  The  point  that  the  spot  of  light  has  attained  on  the 
graduated  scale  at  the  moment  of  its  arrest  is  the  point  to  note  as  the 
melting  point  of  the  metal.  A  little  practice  will  enable  this  point  to 
be  readily  determined  ;  but  all  uncertainty  in  the  matter  is  removed 
by  reducing  tlic  spot  of  light  to  a  fine  vertical  line,  and  securing  a 
photographic  record  of  Its  movement. 

The  following  plan  may  therefore  be  recommended  when  a  high 
degree  of  accuracy  is  required.  The  vertical  line  of  light,  from  an 
argand  gas  burner  L  and  mirror  H,  Fig.  1,  Plate  115,  is  reflected  from 
the  mirror  31  of  the  galvanometer,  and  is  allowed  to  fall  upon  a 
sensitized  plate  through  a  carefully  adjusted  horizontal  slit  A  B; 
Eastman's  gelatine  films  have  been  found  to  answer  well.  The  slit 
entirely  crosses  the  plate,  which  is  made  to  travel  upwards  at  a 
uniform  rate  by  gearing  D  driven  by  clockwork;  the  regularity  of 
the  rate  of  travel  may  he  toted  by  u  tune-signal  is  seconds,  produced 
by  periodically  obscuring,  by  the  interrupter  E2  worked  by  a  clock, 
the  light  from  a  second  lived  mirror  P  placed  immediately  below  the 
suspended  mirror  y\  of  the  galvanometer,  bo  a-  to  Bend  a  fixed  beam 
of  light  to  the  zero  of  the  galvanometer-mirror  scale,  that  i<.  to  the 
further  end  of  the  horizontal  slit  A 15.  The  amplitude  of  the  deflection 
of  the  galvanometer  mirror  Id  will  of  course  depend  on  the  temperature 

to  which  the  thermo-junction  T  is  heated.  The  same  BOUTCC  "flight 
illuminates  both  mirrors;  and  the  result  IS,  first,  a  beaded  datum- 
line  from   the    intermittent    Light    of  the    fixed   mirror    1\  \\hi< 

the  rate  of  travel  of  the  plate  j  and  second,  a  continuous  curve  irhioh 

iphicallj  l  by  the  line  of  Light  from  the  galvan  (meter 

mirror   If,   this    photographic   curve    being    the    resultant   of    the 

mo\  of  the  tiny  spot  of  light  and  of  the  sensitive  plate.     The 
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sketch  shown  in  Fig.  1  is  about  one-twelfth  of  the  actual  size  of  the 
pyrometer  employed  in  connection  with  this  Report. 

The  nature  of  the  photographic  curve  in  the  case  of  a  melting 
point  may  be  illustrated  by  that  which  represents  the  fusion  and 
solidification  of  a  mass  of  aluminium  weighing  10  grammes  or  150 
grains.  The  thermo-junction  was  in  this  case  protected  by  a  thin 
covering  of  pipe-clay  1  mm.  or  0  •  04  inch  thick.  While  the  plate  is 
at  rest,  the  spot  of  light  traces  the  straight  line  ef,  Fig.  9,  Plate  116  ; 
then  as  the  plate  advances  it  traces  the  somewhat  sinuous  curve  fg, 
owing  to  the  necessarily  irregular  heating  of  the  mass  of  metal ;  but 
it  is  arrested  at  a  when  fusion  begins,  and  a  line  parallel  to  the 
datum  line  is  traced  until  the  mass  is  fluid,  when  the  temperature  is 
raised  above  the  melting  point,  as  is  shown  by  the  portion  of  the 
curve  marked  b.  The  gas  being  then  turned  off,  the  metal  cools 
and  freezes,  as  is  indicated  by  the  second  arrest  c,  at  a  point  slightly 
below  its  melting  point. 

It  will  be  evident  that  a  chronographic  record  might  replace  the 
photographic  one.  In  fact  in  beginning  the  investigation  the 
chronographic  method  was  employed.  The  time  taken  by  the  spot  of 
light  from  the  galvanometer  to  pass  each  division  of  a  transparent 
graduated  scale  was  noted  on  the  paper  ribbon  of  a  delicate  Bain 
instrument  by  an  electric  signal,  side  by  side  with  a  series  of  electric 
time  signals  from  a  clock  beating  half-seconds.  This  method,  though 
very  delicate,  involves  much  labour  in  the  translation  of  the  ribbon 
and  in  plotting  the  curves,  and  is  therefore  much  less  convenient 
than  the  photographic  one,  which  gives  a  curve  automatically. 

The  calculations  by  which  the  final  results  are  obtained  are  as 
follows.  From  the  curve  representing  a  particular  experiment  the 
temperature  of  any  point  of  interest  may  be  obtained  by  reference  to 
the  calibration  curve.  This  temperature  has  to  be  corrected,  first, 
for  error  e  in  indications  of  the  galvanometer,  due  to  change  of  its 
temperature  ;  and  second,  for  alteration  j  in  the  temperature  of  the 
cold  junctions. 

The  measurement  of  temperature  by  the  thermo-junction  depends, 
as  is  well  known,  on  the  measurement  of  an  electromotive  force 
by  means  of  the   current  set  up  in  a  circuit  of  known  resistance. 
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Theoretically  there  are  a  number  of  corrections  to  make,  .such  M 
those  which  arise  from  the  varying  resistance  of  the  junction  itself, 
and  of  the  leads ;  but  the  comparatively  high  resistance  of  the 
galvanometer  renders  these  insignificant.  Tims  the  resistance  of 
the  wires  forming  the  couple  was  in  one  experiment  J-1J  ohms, 
of  the  leads  O'lTo  ohm,  and  of  the  galvanometer  201  ohms. 
The  part  of  the  wires  heated  to  a  high  temperature  was  too  short  to 
form  an  appreciable  part  of  the  resistance,  even  if  its  own  resistance 
were  doubled.     ( fonseqnently  the  first  correction  e  red  <  If  to  a 

simple  temperature  correction,  applied  to  the  galvanometer.  This  at 
first   sight    might   appear   to   involi  ral   corrections: — first,  i 

(•direction  for  change  c  in  resistance  of  the  coil  B,  Fig.  5,  Plate  116 ; 
second,  a  correction  for  variation  r  in  the  torsion  of  the  suspending 
wire  8  ;  third,  a  correction  for  any  modification  m  of  the  magnetic 
field  of  the  galvanometer. 

The  correction  for  change c  in  resistance  of  the  coil  i>  easily  made. 

The  coil  is  of  German  silver,  which  has  a  temperature  coefficient  of 

0*00038  per  degree  centigrade.    The  deflection  at  the  melting  point  of 

gold  was  16  centimetres  upon  the  particular  scale  employed  :  hence  a 

e  in  temperature  of  1   ('.  d<  -  the  deflection  from  16  to  15 '994, 

The  variation  d  in  the  torsional  resistance  of  the  suspending  wire 
was  found  to  be  quite  negligible.  Time  readings  were  taken  of  the 
oscillations  of  the  minor.  500  consecutive  oscillations  being  taken 

■  ml  tunes  each  day  on  different  days  and  at  different  temperatni 
No  diffen  uoe  in  time  of  oscillations  greater  than  0*2  Beoond  could  be 
detected  with  a  stop-watch.    One  indirect  effect  however  was  oba  rved. 
The  pillar  of  the  instrument  supporting  the  wire  and  roil  does  not 
appear  to  be  made  of  the  same  material  is  ti  i  tiding  wire  itself; 

and  as  this  suspending  wire  has  some  initial  torsional  strain,  the  i 

the  instrument  changes  slightly  with  changes  of  temperature. 
After  tlii—  was  discovered,  special  care  was  taken  to  watch  the  sero. 

Tl  e  modification  m  of  the  field  in  which  the  ooij  hangs  is  probably 

very  small  ;   any  alteration  would    be    at    0H08    checked    and    provided 

for  by  the  system  of  mtrodncing  known  high  temperatnn  a 

The  temperature  as  indicated  by  the  deflection  of  the  minor  has 
also  to  be  corrected  for  variation  /  in  the  temperature  of  the  bold 
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junctions.  Obviously  the  pyrometer  measures  only  the  differences  of 
temperature  between  the  cold  junction  of  the  copper  terminals  and  the 
heated  junction  of  the  thermo-couple  ;  but  by  keeping  the  former  at 
one  temperature  the  indications  of  the  pyrometer  are  measures  of  the 
differences  between  this  temperature  and  that  of  the  heated  couple. 
The  curve  connecting  the  deflections  with  their  corresponding 
temperatures  is  very  nearly  a  straight  line  throughout  the  range  of 
the  experiments ;  and  consequently  it  is  legitimate  to  add  to  or  subtract 
from  the  deflection  an  amount  corresponding  with  the  small  variation 
of  the  cold  junction  from  some  normal  temperature  taken  at  18°  C. 
This  correction  and  that  for  change  in  resistance  of  the  coil  of  the 
galvanometer  are  applied  to  the  observed  deflection  produced  by  the 
source  of  heat,  the  temperature  of  which  was  to  be  determined.  This 
deflection  is  then  compared  with  the  deflection  (also  corrected)  that 
is  obtained  by  the  introduction  of  known  high  temperatures,  usually 
afforded  by  a  crucible  filled  with  pure  molten  gold ;  and  the  difference, 
multiplied  by  the  constant  obtained  from  the  part  of  the  calibration 
curve  (of  the  particular  wire)  which  corresponds  to  the  range  of 
temperature,  gives  the  difference  in  degrees  centigrade  from  the 
known  high  temperature. 

If  the  thermo-junction  be  ruptured,  the  ends  of  the  wires  may  be 
joined  again  after  the  removal  of  the  defective  part.  Nevertheless  in 
conducting  a  series  of  experiments  it  is  very  desirable  to  employ  for 
as  long  as  possible  the  same  thermo-junction ;  and  it  is  therefore 
necessary  to  adopt  precautions  with  a  view  to  its  preservation.  This 
gives  rise  to  considerable  difficulty,  in  view  of  the  absolute  necessity 
for  bringing  the  couple  into  close  proximity  to  the  molten  metal ; 
and  several  methods  of  protecting  the  couple  were  adopted.  Clay 
coverings  were  open  to  the  objection  of  their  fragility  under  sudden 
exposure  to  heat ;  and  this  entails  the  risk  of  spoiling  a  thermo- 
couple in  the  midst  of  an  investigation.  Enclosing  the  junction  in 
little  tubes  of  iron  filled  with  silver  answers  very  well  for 
comparatively  low  temperatures  ;  but  iron  alloys  readily  with  many 
metals  into  which  the  tube  would  have  to  be  inserted  ;  for  instance, 
the  iron-protected  junction  could  not  be  plunged  into  molten  gold. 
Ultimately  blocks  were  cut  from  portions  of  large  "  plumbago  pots  " 
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used  in  mint  work,  and  were  carefully  fashioned  in  the  lathe  into 
small  crucibles  of  the  ordinary  shape,  but  provided  with  a  tube 
or  socket  extending  vertically  from  the  base  up  to  about  one-third 
the  height  of  the  crucible,  as  shown  in  the  section,  Fig.  G,  Plate  11G. 
The  thenno-oonple  could  then  be  inserted  in  the  tube,  which  was 
surrounded  by  the  molten  metal.  The  Bforgan  Crucible  Company 
have  since  made  crucibles  of  this  pattern  specially'  for  this  rch. 

This  plan  was  independently  devised  for  the  purposes  of  the  present 
research;  it  had  r  been  anticipated  by  Barns,*  who  used  a 

similar  arrangement  on  a  larger  scale  for  determining  the   boiling 
points  of  metals,      li.  ascertaining  the  point  of  solidification  of  a 
metal,  the  crucible  rilled  with  metal  i>  withdrawn   from  the  rurna 
and  placed  over  the  thermo-junction  so  that  the  wires  arc  near   the 
top    of  the    tr  :    do    not    touch    its    sides.       To   prevent   them 

from  doing  so.  a  cap  made  of  >heet  platinum  is  always  kept  fitted 
over    them,    and     probably    is     specially    useful     in     p.  ag     the 

platinum  wires  from  being  contaminated  with  silicon  and  carbon, 
which  Callendait  ha-  already  shown  to  increase  the  resistance  of 
platinum  v,  :  .ey  certainly  injure  the  wires  mechanically. 

Liquation     j     v         I    pper    Alloys. — In    order    to    gain    some 

evidence  a-  to  the  capabilities  of  the  appliance,  it  was  subjected  to  the 

following  tests  mnection   with   the   liquation  of  silver-copper 

alloys,  that  i>.  the  separation  of  their  more  fusible  constituents. 
This   Beri  -   of  alloys  ha-   previously  been   the  subj<  eful 

experiment,  ami   much  is  now  known   n  specting  them.      Not  the  I 

interesting   fad  ted  with  them  i^  the  remarkable  molecular 

re-arrangement    they  and  during   solidification.      Levol,}    who 

i-    the    chief    authority    on    the    subject,    concluded     tluit     the    only 

homogeneous  alloy  contains  71*893  per  cent,  of  silver  and  _s-i<>7 
per  cent,  of  coppei  ;  and  he  consid(  to  be  a  definite  oombinatiou 


Bulletin  <>!  tlf   i  StatetO  I  Smn  \.  No.  54,  18$ 

t  Philosophical  i  loftheB         B    lety, vol. clxxriii,  1887, p  i»;i 

.  annalea  •     '  !  .   I wwi.  1852,  |  roLxxxix, 
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of  the  two  metals  having  the  formula  Ag3  Cu2.  Many  years  ago 
I  also  examined  the  behaviour  of  the  silver-copper  alloys  during 
cooling ;  and  the  following  figures  and  diagram,  Fig.  7,  Plate  116, 
taken  from  my  paper,"*  may  be  given,  as  showing  the  way  in  which 
a  cubical  mass,  45  mm.  or  If  inch  side,  will  arrange  itself  in  cooling 

Alloy  containing  92  •  5  per  cent.  Silver  and  7 '  5  per  cent.  Copper, 
cooled  rapidly.     (See  Fig.  7,  Plate  116.) 


Central 

Percenta 

Vertical 

of 

Plane. 

Silver 

a 

92-46 

b 

92-60 

c 

92-91 

d 

93-55 

e 

93-10 

f 

92-50 

9 

92-12 

Corners. 


Percentage 

of 

Silver. 


h 

92-32 

i 

92-37 

lz 

92-33 

I 

92-33 

m 

92-39 

n 

92-38 

0 

92-27 

P 

92-32 

Sides. 


Percentage 
of 

Silver. 

92-36 
92-38 
92-31 


Dip  assay  92*51 

Maximum  difference,  between  centre  d  and  corner  o,  1-28  per  cent. 

rapidly.  It  will  be  evident  that  the  silver  becomes  concentrated 
towards  the  centre  of  the  mass,  which  is  richer  in  silver  by  1*28  per 
cent,  than  the  external  portions. 

The  results  of  a  memorable  research  led  Guthrief  to  the 
conclusion  that  certain  alloys  in  cooling  "  throw  off  atomically  definite 
bodies,  leaving  behind  a  fluid  mass  which  is  not  definite  in 
composition  ;  "  so  that  ultimately  the  most  fusible  alloy  of  the  series 
is  left,  which  he  calls  the  eatectic  or  most  fusible  alloy,  and  in  it 
the  "  proportions  between  the  constituent  metals  are  not  atomic 
proportions."  Guthrie's  experiments  dealt  only  with  alloys  of  low 
melting-points,  such  as  the  fusible  metals ;  but  photographic 
records  of  the  rate  of  cooling,  as  measured  by  the  platinum  and 
platinum-rhodium  thermo-couple,  might  be  expected  to  show  at  what 
temperatures  groups  of  silver-copper  alloys  solidify,  and  fall  out  of 
solution.  And  at  the  same  time  evidence  as  to  the  probable 
composition  of  the  eutectic  alloy  of  the  series  should  be  as  readily 


*  Proceedings  of  the  Ptoyal  Society,  vol.  xxiii,  1874-5,  p.  481. 
t  Philosophical  Magazine,  vol.  xvii,  1884,  p.  462. 
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obtained  by  those  means  as  it  was,  in  the  earlier  experiments,  by 
placing  an  ordinary  mercurial  thermometer  in  a  bath  of  fusible 
metal. 

Fig.  11,  Plate  117,  represents  such  a  photographic  record  of  tin 
rate  of  cooling  of  a  mass  of  standard  silver  weighing  11  oz.  It  will 
be  seen  that  the  initial  temperature  indicated  is  IOCS0  C,  and  that 
there  is  ;t  fall  to  856°  C.  at  b,  when  the  freezing  of  the  mass  as  ;i 
whole  begins.  But  before  this  abrupt  turn  in  the  curve  takes  place, 
there  is  a  slight  change  in  its  direction  at  a,  probably  caused  by  a 
falling  out  of  alloys  rich  in  copper.  After  the  abrupt  break  at  b  a 
slight  upward  tendency  c  shows  that  heat  is  evolved;  but  the  carve 
continues  to  fall  until  another  abrupt  change  occurs  at  748  al  d, 
which  indicates  that  a  second  critical  point  has  been  reached.  That 
this  is  attended  by  the  evolution  of  heat  is  seen,  for  the  spol  of  light 
remain-  stationary  for  forty  seconds \  and  it  is  doubtless  caused  by  the 
solidification  of  the  eutectic  alloy,  that  is,  the  most  fusible  alloy  of 
the  seri 

Similar  photographic   records  of  the   cooling  of   Levol's  alloy 
Ag3  Cu.„  containing  71*893  par  cent  of  silver,  show  that  there  is 

only  a  Single  break,  Fig.  11,  which  occurs  at   this    same  temperature 

748°0.;  solidification  throughout  the  mass  then  takes  place.  A  record 
of  the  cooling  of  a  mass  of  silver-copper,  Ag  Co  containing 
per  cent,  of  silver,  also  gives  only  a  single  break  at  748  ( '. ;  but 
although  the  freezing  point  of  the  eutectic  alloy  is  evidently  dose 
to  this  temperature  of  71s  ('..it  would  no!  be  safe  to  conclude  that 
either  Air.  C14   or   Ag  On  is  itself  the  eutectic  alloy;    they  an 

probably  only  the  Last  alloys  (in  which   the  Constituents  arc  in  simple 

atomic  proportions)  to  fall  out  of  a  bath  <»f  indefinite  composition, 
Other  alloys  of  this  Beries  have  h  en  i izamini d,  and  the  curve  of  the 
one  containing  60  per  i  is  also  shown  in  Fig.  11.     It 

ma  to  show  that  in  a  si  ties  of  alloys  the  Beoond  point  of 
solidification  is  not  quite  constant.  The  behaviour  of  ■  solidifying 
mass  of  gun-metal  app  an  to  present  exactly  the  same  characteristics  ; 
but  the  experiments  have  not  as  >■  acluded.     It  is  easy  in 

the  case  of  alloys  like  fusible  metal  to  keep  the  alloy  melted,  and 
to  ascertain  what  the  composition  of  the  meal  fusible  alloy  really  is, 
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by  repeatedly  straining  the  fluid  mass  from  the  suspended  crystals 
through  a  canvass  or  asbestos  bag.  The  temperature  required  to 
separate  the  eutectic  alloy  of  the  silver-copper  series  would  introduce 
many  difficulties  of  manipulation,  though  the  result  might  ultimately 
be  obtained. 

The  accompanying  photographic  curve,  Fig.  12,  Plate  118,  shows 
the  application  of  the  photographic  method  to  recording  the  evolution 
of  heat  which  occurs  in  cooling  masses  of  steel.  The  experiment  was 
made  on  a  piece  of  the  same  steel  which  had  already  been  subjected 
to  experiments  by  M.  Osmond.  It  had  the  following  composition : — 
carbon  0*160  per  cent. ;  silicon  0-012;  sulphur  0*021;  phosphorus 
0-029;  manganese  0*110  per  cent.  The  results  of  cooling  it  are 
shown  by  the  upper  curve  in  Fig.  12.  It  will  be  observed  that, 
as  the  mass  cooled  down,  there  were,  as  M.  Osmond  had  shown,  two 
distinct  evolutions  of  heat :  one  d  occurs  at  843°  C.  or  1549°  Fahr., 
which  is  believed  to  mark  the  change  of  hard  to  soft  iron,  because 
it  occurs  also  in  iron  free  from  carbon  ;  and  the  other  /  is  at  675°  C. 
or  1247°  Fahr.,  and  is  certainly  due  to  the  change  in  the  relation 
between  the  carbon  and  the  iron.  There  is  probably  also  another 
slight  evolution  of  heat  e  at  767°  C.  or  1413°  Fahr.  It  is  interesting 
to  compare  this  curve  with  the  one  below  it,  obtained  during  the 
cooling  of  a  mass  of  steel  containing  nearly  0  *  5  per  cent,  of  carbon, 
in  which  there  is  a  distinct  evolution  of  heat  at  820°  C.  or  1508°  Fahr., 
and  a  prolonged  one  at  650°  C.  or  1202°  Fahr.  With  reference  to 
these  curves  M.  Osmond  himself  wrote  to  me  on  18th  Dec.  1890, 
"  the  photographs  are  very  beautiful,  but,  as  you  say,  this  mode  of 
representation  [by  time-temperature  curves]  is  not  well  adapted  for 
showing  slight  evolutions  of  heat  which  occur  while  the  cooling  of 
the  mass  is  slow  [and  is  represented  by  the  flat  part  of  the  curve]. 
It  is  certain  however  that  the  slightest  prominence  shown  in  the 
curve  is  a  real  one,  and  is  not  due  to  errors  of  plotting.  The  curve 
representing  my  steel  is  perfectly  clear ;  but  your  specimen  appears 
to  have  been  well  chosen  for  showing  the  two  critical  points." 

Effect  of  small  quantities  of  impurity  on  the  freezing  point  of  Gold. — 
The  fundamental  effect  of  an  impurity  in  modifying  the  mechanical 
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properties  of  metals  has  been  abundantly  i  stablished  ;  but  the  part 

played  by  the  imparity  may  be  twofold.     It  may  act  directly  on  its 
own  account  upon  the  mass ;  and,  by  changing  its  structure,  may  alter 
its  mechanical  properties  when  solid.     Or,  as  Osmond's*   work  lias 
shown,  it  may  cause,  retard,  or  hasten  the  passage  of  a  metal  in  which 
it  is  hidden  from  its  norma]  to  an  allotropic  state,  and  may  atiee: 
properties  indirectly.     For   the  purpose  of  investigating  these  two 
distinct  sets  of  phenomena,  gold    offers    many  advantages.     It  may 
be   prepared  in  a  very  high  degree  of  purity  ;    it  is  not   liable    to 
contamination  by  oxidation  ;  and  much  is  already  known  respecting 
certain  of  its  mechanical  and  thermal  f  properties  as  influenced  by 
small  quantities  of  impurity,  which  exert  a  truly  astonishing  influence 
on  its  strength  and  extensibility.     Platinum  would  no  doubt  be  even 
l>etter ;  but   its  manipulation  is  attended  with  many  difficulties.     In 
the   case  of  gold  such  difficulties  can  be  met ;  and  when  they  have 
been  surmounted  the  work  may  be  earned  on  with  confidence,  so  as 
to  prepare  for  the  extension  of  the  experiments  to  metals  in  ordinary 
use.      It  would  appear  therefore   most   desirable  to  obtain  thermal 
evidence  as  to  the  influence  of  impurities  on  a  cooling  mass  of  gold. 
In  what  degree,  for  instance,  is  the  freezing  joint  of  gold  influenced 
by  the  presence  of  definite  impurities?   and  is  the  final  solidification 
of  the  mass  preceded  in  the  respective  cases  by  a  pasty  stage?  or  does 
the  passage  from  the  fluid  to  the  s<>lid  state  take  place  rapidly? 
Many  years  ago  I  culled  attention  to  the  remarkable  lowering  in  the 
melting  point  of  gold,  produced  by  the  presence  of  silicon;  but  the 
want  of  a  suitable  pyrometer  has  hitherto   prevented  my  making 
direct  experiments  upon  the  subject. 

The  method  of  preparing  gold  of  a  higb  of  purity  has 

already  been  described.}     In  each  experiment  now  to  be  more  folly 

sribed,  L32  grammes  or  2,     ,       inis  of  gold  were  melted  in  oi 
of  the  crucibles  provided  with  a  central  tube  or  socket  as  already 
described,  and  w^  ighing  with  its  cow  r  L80  grammes  <»r  2,006  grains. 


lua,  vol.  <  \.  is'.,,).  p.  846. 
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The  initial  temperature  of  the  molten  mass  was  high,  somewhere  about 
1,200°  C.  or  2,200°  Fahr. ;  and  the  durability  of  the  thermo-junction 
and  the  constancy  of  its  readings  had  therefore  to  be  carefully  tested. 
It  was  found  by  repeated  trials  that  different  crucibles  of  the  same 
size,  filled  with  identical  weights  of  gold,  gave  closely  concordant 
results ;  but  it  occasionally  happened  that  the  platinum  wire  of  the 
couple  became  brittle  and  broke.  In  such  cases  the  fractured  portion 
was  removed,  and  the  ends  were  twisted  together  again.  Throughout 
the  course  of  the  experiments,  a  crucible  filled  with  pure  gold  was  kept 
at  hand,  and  the  freezing  point  of  the  molten  metal  was  determined 
from  time  to  time  as  a  check. 

The  object  of  the  experiments  was  primarily  to  ascertain  whether 
the  influence  of  impurities  on  the  metal  was  really  tangible,  that  is, 
whether  the  insertion  of  the  point  of  a  fine  stirrer  of  clay  would 
indicate  the  existence  of  a  pasty  or  gritty  stage ;  but  advantage  was 
taken  of  the  installation  of  the  ar^pliances  to  determine  what 
retardation  of  the  freezing  point  of  gold  is  produced  by  the  known 
elements  which  are  added  to  it. 

The  result  of  Kaoult's  investigations  on  the  lowering  of  the 
freezing  points  of  solutions  led  him  to  the  conclusion  that  one 
molecular  proportion  of  any  substance,  dissolved  in  a  hundred 
molecular  proportions  of  any  solvent  whatever,  lowers  the  freezing- 
point  of  that  solvent  0-62°  C.  or  1-12°  Fahr.  This  had  not  been 
tested  in  the  case  of  solutions  of  metals  in  metals,  until  Heycock 
and  Neville*  began  an  elaborate  investigation  of  the  subject. 
Their  research,  as  far  as  it  has  at  present  been  carried,  deals 
first  with  the  lowering  of  the  freezing  points  of  sodium  and 
tin,  produced  by  the  addition  to  them  of  certain  other  metals  $ 
and  second,  with  the  molecular  weights  of  metals  when  in 
solution.  The  results  of  their  experiments  when  compared  with 
the  empirical  laws  of  Coppet  and  Raoult  may  be  briefly  stated  as 
follows.  They  are  in  accordance  with  the  law  "  that  for  moderate 
concentration  the  fall  in  the  freezing  point  is  proportional  to  the 


*  Itiemsdijk,  Journal  of  the  Chemical  Society,  vol.  lv,  1889,  p.  GG6;  vol.  lvii, 
1800,  pp.  37G  and  G5G. 
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weight  of  the  dissolved  substance  present  in  a  constant  weight  <>f 
.solvent."  By  making  the  assumption  that  the  molecule  of  zinc  or 
uf  mercury  is  monatomic  when  in  solntion  in  tin,  they  confirm  tin- 
second  law  u  that,  when  the  mils  produced  in  the  same  solvent  by 
different  dissolved  substances  are  compared,  it  i>  found  that  a 
molecular  weight  of  a  «1  I  substance  produce-  the  same  fall 

whatever  the  substance  is."  But  the  third  law,  which  Btates  u  that,  if 
a  constant  number  of  molecular  weights  of  the  solvenl  be  taken,  then 
the  fall  is  independent  of  the  nature  of  the  solvent,*'  they  found  to  be 
probably  incorrect  j  and  theoretical  considerations  indeed  would  1- 
DS  to  expect  this.  In  the  case  of  silicon  in  standard  gold,  which  has 
already  been  mentioned,  a  long  semi-fluid  Btage  appears  to  be  set  up  ; 
the  metal  may  contain  solidified  particles,  and  yet  be  sufficiently  fluid 
to  flow  readily  ;  this  phenomenon  has  n<»t  yet  been  fully  investigated. 

In  a  research  of  much  inten-t.  Ramsay*  has  determined  th< 
molecular  weight  of  a  number  of  metal-  by  Raoult's  vapour-pressure 
method:  that  is,  he  ascertained  the  depression  of  the  vapour-pressure 
of  the  solvent,  produced  by  a  known  weight  of  dissolved  substance, 
and  he  finds  that,  although  sodium  behave-  irregularly,  yet  "  it  would 
appear  Legitimate  to  inter  that  in  solution,  as  a  rule,  the  atom  of  a 
metal  i-  identical  with  its  molecule,  as  the  physical  properties  of 
those  metals  which  have  been  vaporised  would  Lead  us  to  suppo 

The   e\pt  riments   were   conducted  as   follows.      The   gold   was 

melted  in  the  crucible,  and  it>  freezing  point   noted   in  two  ways: — 

first,  by  recording  with  the  aid  of  a  chronograph  the  rate  at  which 
the  mass  cooled,  the  results  being  plotted  in  a  curve  with  time  and 
temperature    as  co-ordinal  The  exact  freezing  point  was  then 

indicated  by  the  abrupt  change  in  the  direction  of  the  curve. 
S  ond,  the  freezing  point  km  also  actually  observed  in  the 
following  way:  —  the  cover  of  the  crucible  had  an  orifice,  which 
could  be  covered  with  a  plug  of  charcoal,  and  through  this  orifiot 
was  ina  rfa  d  a  fine  pipe-clay  rod  held  in  the  hand.  A  Little  experience 
with  this,  in  touching  the  surface  of  the  molten  mass,  enabled  I 


.1    ;•    !   >f  the  Ghemioal  Society,  voL  lv,  1889,  p  .yji     g  I 

/     schrift  fur  phyaikaliBche  4  hemic,  1889,  p.  III. 
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existence  of  either  a  pasty  or  a  gritty  stage  to  be  detected,  and 
the  point  of  actual  solidification  to  be  noted;  and  this  point  was 
telegraphed  on  to  the  chronograph  tape  by  a  distinctive  sign.  The 
gold  was  then  re-melted,  and  the  impurity  to  be  added  was  carefully 
weighed,  wrapped  in  pure  gold  foil,  and  added  to  the  molten  mass, 
which  was  well  stirred  with  a  fine  clay  stirrer,  and  replaced  in  the 
furnace  to  make  sure  that  the  mass  was  thoroughly  fluid.  The 
crucible  was  placed  in  position  over  the  thermo-junction,  and  the 
freezing  point  observed  as  before.  Lead  and  bismuth  exert  a  great 
influence  in  diminishing  the  tenacity  and  extensibility  of  gold ;  and 
they  were  therefore  first  selected  with  a  view  to  study  their  action 
upon  its  freezing  point.  In  the  gold-lead  series,  Fig.  10,  Plate  116, 
the  full  curve  A  is  the  normal  line,  representing  the  freezing  of  pure 
gold ;  and  the  dotted  curves  BCD  were  obtained  as  the  results  of 
successive  additions  of  lead,  B  corresponding  with  0*2  per  cent., 
C  with  0  *  4  per  cent.,  and  D  with  0  *  8  per  cent,  of  lead.  The  lowering 
of  the  freezing  point  was  found  to  be  proportional  to  the  amount  of 
lead  added.  No  marked  pasty  stage  was  detected ;  and  the  lowering 
of  the  freezing  point  appears  to  be  about  19°  C.  or  34°  Fahr.  for 
every  atom  of  lead  added  to  a  hundred  atoms  of  gold. 

The  calculations  are  as  follows.  The  atomic  theory  assumes  that 
there  are  as  many  atoms  in  196  parts  by  weight  of  gold  as  there  are 
in  208  parts  by  weight  of  lead.  Consequently  if  0*2  per  cent,  of 
lead  be  added  to  a  mass  of  gold,  there  will  be  0*2  x  196  4-208 
=  0*19  atom  of  lead  per  hundred  atoms  of  gold.  Dividing  the 
observed  fall  of  the  freezing  point  in  degrees  centigrade  by  the 
number  of  atoms  of  impurity  which  causes  it  in  a  hundred  atoms  of 
gold,  the  figure  known  as  the  "  atomic  fall "  is  obtained  ;  and  this  is 
nearly  constant  for  any  given  mass  of  an  individual  metal.  As  soon 
as  0*3  per  cent,  of  lead  is  present,  oxidation  causes  a  little  trouble ; 
:and  apparently  a  simple  molecular  action  gives  place  to  one  of  more 
complex  character,  the  result  being  that  the  further  alteration  of 
the  freezing  point  is  not  so  great  as  it  was  initially. 

The  series  with  bismuth  showed  a  very  regular  lowering  of  the 
temperature  of  the  freezing  point,  giving  an  atomic  fall  of  17°  C.  or 
.31°  Fahr.  up  to  2  or  3  per  cent,  of  bismuth.     Even  with  19  per  cent. 
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of  bismuth  there  is  a  point  well  marked  in  the  curve,  showing  win 
solidification  commences.  A  study  of  these  curves  gives  rise  to  a 
suspicion  that  a  "  trace  "  of  impurity  has  an  important  effect  upon 
the  latent  and  specific  heats ;  but  until  the  experiments  are  repeated 
under  very  accurate  calorimetric  conditions,  this  point  is  uncertain. 
Bismuth  probably  gives  a  eutectic  alloy  of  very  low  melting  point, 
the  pasty  ->tage  being  maintained  down  to  temperatures  differing  but 
little  from  that  of  melting  lead;  but  the  experiments  have  not  been 
carried  farther  at  present.  It  is  remarkable  that  a  small  quantity  of 
bismuth  in  gold  produces  a  lead-grey  or  almost  purple  colour  of  the 
fractured  surface,  which,  upon  burnishing,  becomes  at  once  golden 
yellow.  This  is  doubtless  due  to  the  very  distinct  liquation  that 
can  be  oba  rved,  the  granules  of  nearly  pure  gold  being  surrounded 
by  a  brittle  and  impure  mass. 

Platinum  gave  an  interesting  series  of  results,  which  indicated  an 
atomic  fall  of  17  C.  or  SV  Fahr.  But  gold  is  very  soon  saturated 
with  platinum  ;  apparently  0*6  per  cent,  is  sufficient  for  that  purpose. 
The  firot  addition  of  platinum  at  once  stopped  the  "piping"  of  the 
solidifiying  mass,  which  is  so  marked  a  feature  in  very  pure  gold; 
and  gave  the  characteristic  crystalline  surface  which  indicates  the 
presence  of  platinum.     An  accident  prevented  the  from  being 

carried  beyond  1  per  cent,  of  platinum,  which  amount  however  is 
sufficient  to  raise  the  freezing  point  again  to  that  of  pure  gold. 

Silicon,  which  has  a  small  atomic  weight,  exerts  a  great  influence 
on  the  fret  zing  point  of  gold;  but  much  difficulty  was  experienced  in 
tting  it  to  alloy  with  the  gold.     The  fall  produced  was  at  the  i 

of  16    (  .        -  '     Fahr.  for  cadi  atom  in  a  hundred  atoms  of  gold. 

Bfanganese  was  also  somewhat  difficult  to  alloy;  but  after  the 

union  Of  the  gold  and  manganese  had  been  effected,  the  mass  behaved 

in  a  peculiar  way,  indicating  considerable  internal  changes  in  their 
mode  oi  iation  Dearths  freezing  point.    The  hath  remained  quite 

mirror-like  and  limpid  until  the  freezing   point  was   reached  ;   it  then 
suddenly  clouded   over,   and   a   granular   ma  m    to    form.      '1 

markable  from  the  mot  that  the  atomic  ml]  was  found 

to  be  Only  0O6  half  thai  obtained    in   must  other  eases;   thus   then 
on  to   conclude  that  maiiL'am        i        ts    in  this   particular   instai 
as  b  diatomic  molecule. 
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The  effect  of  aluminium  was  also  studied,  on  account  of  the 
interest  it  possesses  in  connection  with  the  metallurgy  of  iron.  The 
gold  combined  with  this  metal  with  avidity,  and  when  cold  the 
fracture  showed  very  marked  granular  structure.  A  study  of  the 
curve  indicates  that  an  almost  chaotic  state  is  produced  in  the  gold  by 
the  addition  of  aluminium  :  not  only  is  the  point  of  initial  freezing 
lowered,  but  the  metal  only  partially  solidifies  during  a  very  long 
range  of  temperature,  and  could  easily  be  poured  at  several  hundred 
degrees  lower  than  the  initial  freezing  point.  This  in  all  probability 
is  the  reason  for  the  conflict  of  opinion  as  to  the  amount  and  nature 
of  the  change  produced  in  the  freezing  point  of  wrought-iron  by  the 
presence  of  aluminium,  as  in  the  case  of  the  well-known  "  mitis  " 
castings.  The  long  pasty  stage  which  aluminium  sets  up  is  very 
deceptive,  and  renders  it  difficult  to  determine  which  is  the  true 
freezing  point.  Aluminium  has  a  low  atomic  weight,  and  causes  a 
very  considerable  fall  in  the  freezing  point  of  gold  ;  this  fall  however 
is  only  one-third  of  that  produced  per  atom  by  other  impurities. 

Silver  occupies  a  remarkable  position  in  the  series.  Very  pure 
silver  was  used,  which  had  been  tested  by  Stas ;  but  it  required  nearly 
5  per  cent,  of  silver  to  cause  any  appreciable  lowering  of  the  freezing 
point.  Whether  solid  gold  is  capable  of  dissolving  silver  cannot  yet 
be  proved ;  but  it  opens  an  extremely  interesting  field  for  research. 

Steel. — From  the  engineer's  point  of  view  the  most  interesting 
information  which  the  pyrometer  has  as  yet  afforded  is  connected 
with  the  measurement  of  internal  stresses  in  iron  and  steel. 
Osmond's  work  has  shown  that  molecular  changes  take  place  in 
steel ;  and  it  is  evident  that  the  occurrence  of  these  changes  must  be 
/)f  vital  importance  when  the  metal  is  subjected  at  high  temperatures 
to  mechanical  operations  such  as  rolling  or  forging.  The  question 
naturally  arises,  do  the  molecular  changes  in  the  iron  take  place 
at  one  moment  throughout  the  mass  of  metal?  that  is,  is  the  rate 
of  cooling  approximately  uniform  throughout  the  mass?  Or  does 
the  external  portion  of  a  hot  ingot  cool  so  much  more  rapidly  than 
the  centre  as  to  allow  the  molecular  changes  in  the  iron,  and  the 
alterations  in   the  relation    between    the    carbon    and    the    iron,  to 
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become  complel  a  the  b  long  before  they  take  place  in 

the  interior  of  the  mass  •*  The  experimental  difficulties  in  the  way 
of  obtaining  information  upon  these  points  have  hitherto  appeared  to 
be  insuperable;    but  the  pyrometric  method  osed  in  this  research 

>rds    most    important    evident  a    brief    description   of    the 

following  experiments  will  show. 

Tu  lo-jnnctions  made  from  adjacent  pieces  off  the  same  coils 

of  wire,  and  both  insulated  in  the  ordinary  way  by  means  of  pipe-clay 
tubes,  were  carefully  prepared.  A  miniature  ingot  of  mild  sti 
lour  inches  diameter  and  eight  inches  long,  shown  in  section  in 
Y\\i.  8,  Plate  116,  was  provided  by  the  Director-General  of  Ordnance 
Factories  ;  one  hole  5-16ths  inch  diameter  was  drilled  from  the 
of  one  end  to  a  depth  of  four  inches  :  and  another  hole  of  the  same 
diameter  was  drilled  near  the  edge  of  the  same  end  to  a  depth  of 
one  inch.  The  ingol  was  then  heated  to  bright  redness  in  a  furnace; 
and  when  it   had  been   withdrawn,  the  two  thermo-junctiona   v 

:ie  in  each   of  the  holes.    Then   by  m  t  a  Bpecial 

switch  they  were  alternately  connected  for  short  but  measured 
periods  of  time  with  the  galvanometer  of  the  photographic  recording 
apparatus.    Ci  re  thus  obtained  from  both  the  thermo-junctions 

simultaneously,  each  curv<  made  op  of  short  dashes.     In  the 

:    mild   Bteel    the  evidence  as  to  molecular  change  was  but 

lit ;  but  with  a  similar  ingol  of  moderately  hard  Bteel  the  results, 

which  are  shown  in  Figs.  !•">.  1  1.  and  15,  Plates  119  to  121,  are  very 

This    ingot   contained    0*799    per   cent   of   carbon, 

-■  t.  of  silicon,  and  0*412  per  cent,  of  m  b& 

In  119,  which  represents  the  cooling  of  the  b. 

in  air,  the  opper   curve   records  the  cooling    of  the   centre  of  the 

ot,  and  the  low<  cooling  of  the  outer  portion.     The  initial 

temperature  at    r  fcre   was    1,160    C.  or  2,120     Pahr.      The 

molecular  i  in     the     iron     Can      k  cted     at     880       0.    Of 

1,616     Pahr.,  and   the  carbon   change  takes  plao  0.  or 

Pahr.     In  the  Lower  curve,  representing  the  cooling  of  the 
circumi  ton  change  takes  place  do  less  than  four  minul 

•;  at    tli<  1    at    tin-    LOWOT    fa inpeiat D  1  '• 

ed  with  I  96    0.  or  1,285     Pal  r.    This 
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is  a  most  interesting  point,  as  Osmond  has  already  shown  that  the 
rate  of  cooling  has  a  measurable  effect  upon  the  temperatures  at 
which  molecular  change  occurs.  The  great  internal  strain  which 
must  be  set  up  between  the  points  marked  A  and  B  in  the  upper 
curve  is  evident  when  it  is  borne  in  mind  that  the  carbon  change  is 
accompanied  by  a  considerable  alteration  of  volume. 

In  Fig.  14,  Plate  120,  is  shown  a  pair  of  curves  obtained  from  the 
same  ingot  when  cooled  by  a  water-spray.  These  present  but  few 
additional  points  of  interest. 

In  the  experiment  represented  by  Fig.  15,  Plate  121,  the  ingot  was 
plunged,  when  its  exterior  was  at  a  temperature  of  850°  C.  or 
1,560°  Fahr.,  into  a  tank  of  cold  water.  The  lower  curve  however, 
representing  the  rate  of  cooling  of  the  outer  portions  of  the  ingot,  is 
not  strictly  autographic,  as  it  was  slightly  defective  on  the  original 
photographic  plate  for  temperatures  below  600°  C.  or  1,100°  Fahr. 
The  upper  curve  is  autographic  throughout. 

In  all  these  experiments  it  was  found  that  the  flow  of  heat  from 
the  centre  of  such  an  ingot  was  not  sufficiently  rapid  to  prevent 
there  being  considerable  variations  in  temperature  within  the  mass. 
There  can  be  but  little  question  that  such  experiments  well  deserve 
careful  attention,  and  in  the  hands  of  competent  observers  should  be 
fruitful  of  results. 

The  Committee  authorised  me  to  secure  the  services  of  an 
assistant  to  aid  me  in  conducting  these  researches.  Mr.  H.  C. 
Jenkins,  Whitworth  Scholar  and  Associate  of  the  Royal  School  of 
Mines,  was  accordingly  chosen,  and  has  proved  himself  to  be  a  patient 
and  careful  experimenter,  and  has  shown  that  he  possesses 
manipulative  skill  of  a  high  order. 
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Discussion. 

Professor  Robebts-Austkh    exhibited    the    pyrometer    Actually 

employed  in  this  research,  Fig.  1,  Plate  115,  but  taken  out  of  the  c 
in  which  the  sliding  sensitized  plate  was  made  to  travel  for  tracing 
the  pin 1 1< "graphic  curve.  He  showed  the  action  of  the  instrument 
during  the  heating  and  cooling  of  a  small  piece  of  iron,  the  beam  of 
light  reflected  from  the  galvanometer  mirror  being  seen  to  pause  in  its 
movement  in  either  direction  as  soon  as  the  temperature  wafl  reached 
of  8507  C.  or  1,560°  Falir.,  at  which  the  thermal  change  took  pi 
indicating  the  corresponding  transformation  in  the  nature  of  the  iron. 
He  explained  that  while,  according  to  the  "periodic  law,"  M 
originally  expressed,  '-the  properties  of  the  elements  are  a  periodic 
function  of  their  atomic  weights,"  it  Beemed  easier,  with  regard  to 
the  mechanical  properties  of  metal-,  to  trace  the  influence  of  their 
atomic  volumes  than  of  their  atomic  weights:  the  atomic  volume  of 
an  element  being  found  by  dividing  its  atomic  weight  by  it-  specific 
gravity.  A  singular  fact  then  came  out.  It  was  necessary  first  of 
all  to  find  some  particular  metal  on  which  the  effect  of  traces  of 
impurity  could  best  be  tried  ;  and  for  many  iva-  Id  appeared  to 

be  the  most  favourable  for  such  an  investigation.  Copper  might  be 
added  to  gold,  and  would  inert  a-c  it-  tenacity;  but  the  addition  of  a 
trace  of  bad  or  bismuth  to  gold  resulted  in   the  production  ofs  DISSS 

a-  brittle  is  loaf  sugar:  and  by  adding  to  gold  a  constant  quantity, 

namely   0*2   pel  cent.,  of  various   impurities,   the    singular    fact    WIS 

discovert  1     that    the     tenacity    was     rapidly    affected    in    inv. 

proportion    to    the    relative    volume    of    the    added     impurity:     that 

i-.  a-   plotted   in   the  diagram.   Fig,  16,    Plate  122,   the  elements 

which  had  atomic  volumes  larger  than  that  of  gold  tended  t" 
diminish  pity,    while     those     which     had     smaller    ToluB 

tended   to   increase    it.      Therefore  when  an  element  WSJ  added  which 

had  a  much  larger  stomic  folume,  a-   in   the  case  of  bismuth,  the 
gold  bo  alloyed   had   practically  no   tenacity  at  all.     It  was   this 
pilar  bet  which  had  led  Dr,  ion  to  propose  to  the  Council 

of  t:  •  l  titution  of  Biechanical  Engineers  that  a  committee  should 
be  appointed  to  ascertain  how  far  tin  LI  followed  illy 
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with  the  metals  most  used  in  mechanical  engineering,  when  traces 
of  other  elements  were  added  to  them ;  and  he  would  take  this 
opportunity  of  recording  his  gratitude  not  only  to  Dr.  Anderson, 
but  also  to  the  Institution,  for  the  welcome  encouragement  offered 
to  himself  as  a  metallurgist  to  bring  before  them  a  matter  so 
important  to  their  interests. 

The  need  for  applying  such  investigations  to  iron  became  daily 
more  and  more  evident  indeed;  but  the  questions  presented 
themselves  at  the  outset — did  iron  always  behave  itself  properly  ? 
was  it  always  in  the  normal  state  in  which  engineers  mostly  knew 
it  ?  or  might  it  behave  like  many  other  elements,  and  pass  from 
a  normal  state  to  an  allotropic  ?  Many  elements  were  known  to 
possess  such  a  dual  state.  Carbon  might  appear  in  its  graphite 
form,  or  in  its  diamond  form ;  silicon  in  its  graphitic,  or  in  its 
diamond ;  phosphorus  in  its  red  or  its  yellow  modification.  Sulphur 
was  most  familiarly  known  in  its  crystalline  and  brittle  variety,  of 
which  a  specimen  was  here  exhibited ;  but  if  this  ordinary  sulphur 
was  melted  and  poured  into  water  at  a  certain  temperature,  though 
it  underwent  no  other  change  and  was  still  absolutely  pure  sulphur,  it 
became  a  plastic  substance,  of  which  a  specimen  was  also  shown, 
resembling  india-rubber ;  and  if  again  this  plastic  sulphur  was 
heated  to  a  temperature  of  about  90°  C.  or  190°  Fahr.,  it  suddenly 
evolved  heat  and  passed  back  into  the  original  crystalline  state. 
Nothing  had  been  changed  in  its  composition,  no  other  ingredient 
had  been  added ;  the  transformation  was  simply  a  passage  from 
one  state  to  the  other.  He  believed,  though  he  was  not  absolutely 
sure,  that  if  in  its  plastic  state  it  was  stretched  beyond  its  limit  of 
elasticity  it  was  thereby  made  to  pass  into  the  crystalline  variety ; 
experiments  which  Professor  Kennedy  and  himself  had  been  making 
upon  it  in  that  way  during  the  reading  of  the  report  had  gone  far  to 
convince  them  that  this  was  really  the  case,  and  if  so  it  was  a  very 
curious  fact.  What  he  wanted  now  to  insist  upon  was  that  here  was 
one  and  the  same  substance  existing  in  two  such  widely  different 
states.  Was  iron  capable  of  behaving  in  this  way  ?  Was  it  capable 
of  taking  advantage  of  any  condition  in  which  it  might  find  itself, 
and  of  rearranging  the  atoms  of  its  molecules,  and  so  passing  from 
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one  state  to  another  ?    Many  observers,  beginning  with  Joule,  thou 
that  this   was  the  case;    but  of  all  experimenters  M.  P.  Osmond 
of  Paris,  whose  name  recurred  so  often  in  the  report  just  read,  had 
perhaps  made  the  most  definite  advance  in  this  direction.     ( 
had  shown    that,  if  a   piece  of  iron  were  allowed  to  cool    in    i 
with  Le  Chatelier's  thermo-electric  pyrometer,  as   it   oooled   down 
from    a    bright  red  heat  of  over    1,000     < '.   01    1,800     Pahr.    to   a 
temperature  of  860°  C.  OI    1,560°    Fahr..  the  march    of  the  Bpol 
light  indicating  the  cooling  continued  perfectly  regular  and  uniform  ; 
hut  as  Boon  as  ever  the  temperature  of  850   C.  was  reached,  the  iron 
showed    evidences    of    some    change:    for    a    row 
evolved,  and  the  spot  of  light  remained  stationary.     Osmond  Btated 
that    in    its   red-hot    condition    iron  was    really   in    the   ft    or    hard 
Btate.    Owing  to  the  temperature   indeed,  its   molecules  nly 

united  loosely,  and  th  il  was  true  the  red-hoi  mi  •  whole 

was  Bofl ;  but  the  individual  molecules,  if  they  could  really  be 
at  or  could  be  resolved  into  their  atoms,  would  be  round  to  be  hard. 
As   soon   however  as   the  iron  cooled  down  to  the  temperature  of 

I     C.    there  was    an   evolution   of   heat,  just    exactly  SS   there 

when   the   plastic    variety  of  sulphur  passed  into  t!  fcalline ; 

and  Osmond  urged  that  at  this  temperature  the  iron  1- 

into   the   a   or    BOf)    Btate.      Now  supposing   that.  instead  of  pure  iron, 
the  cooling  were  observed  of  carhurixed   iron,  thai  .en 

it  WM   found  that  not  only   WM   their   the  one  distinct   evolution  of 

tt,  which  Osmond  believed  to  be  due  to  kin  ran 

from  the  hard  Btate  to  the  Boft,but  there  was  also  snothi  net 

ilution  of  heal  at  about  675    <'.  or   1.-17    Fahr.,  which  I 
satisfied  was  due  to  the  change  in  tin    relation  between  the  carbon 

and  the  iron. 

The   wholi  to   the   allotropy   of    iron    turned   on 

Mich  <  \  a-   it  might  l»<-  possible  to  collect  of  the  | 

-il  it-. -if.  free  from  any  other  ingredient,  from  om  to 

another,  as  indicated  by  the  evolution   of  heat,  which  was   widely 
admitted    to   be   the   main    t<  -t   of  the  pa  from   on 

ation  to  anoth.   .     0  mond  thought  he  bad  ed  hi;.. 

d  this  point  by  finding  that  electro-d  I  iron  showed  buc] 
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evolution  of  heat  while  it   was    cooling  clown.     Now  it  was  known 
that  electro-deposited  iron  was  hard  ;  and  its  hardness  might  be  due 
either  to  its  structure,  arising  from  the   method   by   which   it  was 
deposited,  or  to  the  fact  that  it  retained  within  itself  a  large  volume 
of  occluded  hydrogen.    By  means  of  the  pyrometer  he  had  tried  to  get 
a   step  further.     A  little  piece   of  electro-deposited  iron  had  been 
heated  in  a  vacuum  by  the  arrangement  sketched  in  Fig.  17,  Plate  122  ; 
it  was  enclosed  in  a  porcelain  tube  P,  and  the  two  wires  from  the 
pyrometer  were  passed  in  through  the  one  end  to  the  iron  I,  and  a 
tube   passing   through   the  other   end  was   attached   to   a  Sprengel 
mercurial  pump,  whereby  the  porcelain  tube  was  rendered  perfectly 
vacuous,  so  that  the  iron  could  be  heated  in  a  vacuum  by  raising  to 
bright  redness  the  portion  of  the  tube  where  the  iron  was  situated. 
As  the  temperature  rose,  the  occluded  hydrogen  gas  began  to  come 
off,  and   at  the  temperature  of  200°    C.  it  was  freely  evolved  and 
soon  exhausted   itself;    and   then    there   was   a   perfect  vacuum  in 
which    the   heating  of  the   iron   could   be   continued.      The   usual 
photographic  record  of  the  heating  or  the  cooling  of  such  a  piece  of 
iron  in  vacuo  could  therefore  be  readily  obtained.     Moreover  it  was 
easy,  by  obscuring  the  source  of  light  for  a  moment,  to  obtain  a 
break  or  indication  in  the  curve  at  the  points  where  the  evolution 
of  gas  began  and  ended.     The  evolution  ceased,  and  the  perfection 
of  the  vacuum  was  restored,  before  the  iron  reached  a  temperature 
of  400°  C.     Any  change   thenceforth    observed  must   be   due  to  a 
change  either  in  the  iron  itself  or  in  some  impurity  contained  in  it ; 
if  the  iron  was  really  pure,  it  must  be  due  to  the  iron  itself,  and  to 
nothing  else.     As  soon  as  the   temperature  reached  850°  C,  there 
was    a    distinct    absorption    of    heat.       Barrett    had    shown    that 
recalescence,    or    the    evolution    of    heat    during    cooling,   was    a 
reversible    property :    that    is,    during    the    heating    of    the   same 
substance  there  was  an  absorption  of  heat,  or  a  certain  quantity  of 
heat  became  latent,  at  the  same  temperature  at  which  the  evolution 
had  occurred  during  cooling.     The  autographic  curve  drawn  during 
the  heating  was  shown  in  Fig.  18,  Plate  122,  and  formed  a  branch  of 
the    investigation    which    had   been    added    since    the    report   was 
written.      Proceeding    still   further,  the   temperature   was  raised  to 
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900°  C.  ;  and  then,  as  the  iron  was  allowed  to  cool,  the  converse 
occurrence  took  place  at  850°  C,  namely  evolution  of  heat,  due  to 
change  in  the  iron.  Thus  electro-deposited  iron  deprived  of  its 
hydrogen  exhibited  the  reversible  property  of  recalescence.  The 
only  question  that  remained  was,  did  the  iron  contain  carbon  ?  The 
experiment  by  Osmond  proved  to  be  not  absolutely  conclusive,  as  the 
electro-deposited  iron  had  in  that  case  been  found  to  contain  0*08  per 
cent,  of  carbon.  Though  a  mere  trace,  it  seemed  far  from  certain 
whether  even  so  minute  a  quantity  of  carbon  might  not  be  sufficient  to 
produce  mischief.  A  particular  piece  of  electro-deposited  iron,  which 
he  himself  had  subjected  to  the  foregoing  treatment  in  a  vacuum, 
had  therefore  been  analysed  for  him  by  one  of  the  most  competent 
analysts  he  knew,  Mr.  Edward  Riley;  by  whom  the  presence  ot 
carbon  had  indeed  been  detected,  but  to  the  extent  of  only  0*007  per 
cent.,  which  had  possibly  come  from  a  speck  of  dust.  However,  if 
the  objection  to  the  view  that  iron  could  assume  an  allotropio  state 
w;is  thought  to  be  supported  by  the  detection  of  so  minute  a 
proportion  of  carbon,  he  was  afraid  he  had  at  present  no  answer. 

There  was  one  other  piece  of  evidence  to  which  he  wished  to 
call  attention,  as  to  the  possibility  of  the  existence  of  iron  in  the 
/?  or  hard  state.  When  ■  mass  of  iron  or  steel  was  being  heated, 
aa  -""ii  as  it  readied  ■  certain  temperature,  varying  according  to  its 
composition  between  G00'  and  700"  C,  or  1,100  and  1.300°  Fahr.,  it 
ceased  to  be  magnetic;  it  was  well  known  that  red-hot  iron  was 
not  magnetic,  and  the  contention  was  that  in  red-hot  iron  the 
metal  existed  in  the  /3  or  hard  form.  In  one  of  the  i 
remarkable    metallurgical    investigations   of    the    past    fen    \< 

Mr.     Hadtield     had     dealt     with     a  of     allOTfl    of     ITOU    with 

manganese,  and  had  shown  what  remarkable  properties  they 
possesM-d.  One  fact  l>earing  upon  the  present  research  was  that, 
it*  iron  contained  more  than  7  per  cent  of  mawganono,  it  did 
not  show  in  cooling  the  evolution  of  heat  characteristic  of  other 
varieties  "t*  iron.      Then,  according   t-»  the    theory   adi  I    by 

B£   Osmond    and    himself,    such    a  material   should  be   hard,   howv 

slowly  it  p  led;  and  Buoh  proved  to  be  t!  <  Fnrtl 

if  the  iron  was  j  t  Laid  form,  the  mass  should 
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be  magnetic  in  the  cold. ;  and  it  was  not  magnetic,  as  was  proved  by 
experiment.  In  this  connection  he  thought  the  experiments  which 
had.  been  made  on  the  cooling  of  the  miniature  ingot  of  mild  steel 
(page  565)  really  deserved  far  more  careful  attention  than  it  had  yet 
been  possible  to  give  them.  They  marked  indeed  only  the  first 
breaking  of  the  ground  for  a  long  investigation.  M.  Osmond  had 
written  to  him  within  the  last  few  days,  stating  that  he  considered 
this  to  be  one  of  the  most  important  directions  in  which  investigation 
could  possibly  be  extended. 

At  one  of  the  Research  Committee  meetings  the  President  had 
asked  that  attention  should  be  given  to  the  alloys  of  copper,  with 
special  reference  to  the  quality  of  copper  used  for  the  fire-boxes  of 
locomotives  at  the  present  time.  He  had  carefully  sought  for 
evidence  of  any  allotropic  change  being  produced  in  copper  by 
heating  and  cooling,  but  had  not  been  able  to  find  it.  He 
did  find  however  that  the  presence  of  only  one  per  cent, 
of  arsenic  rendered  copper  much  stronger,  not  only  at  ordinary 
temperatures,  but  also  at  temperatures  to  which  copper  used  for 
locomotive  fire-boxes  might  be  subjected.  When  this  portion  of 
the  investigation  had  been  further  followed,  he  hoped  to  have  a 
more  complete  answer  to  the  question  raised  by  the  President. 

Anyone  who  had  to  conduct  experimental  investigations  would 
know  how  much  depended  upon  the  nature  of  the  assistance  he  could 
obtain ;  and  he  was  glad  therefore  to  refer  to  the  efficient  aid  he 
had  received  from  Mr.  Jenkins,  who  had  already  manifested  his 
qualifications  as  a  metallurgist. 

Dr.  William  Anderson,  Vice-President,  and  Chairman  of  the 
Alloys  Research  Committee  of  the  Institution,  noticed  a  contrast 
between  the  paper  on  boiler  construction,  read  on  the  preceding 
evening,  and  the  report  to  which  they  had  just  listened.  The 
former  contained  scarcely  a  particle  of  theory :  whereas  the  report 
now  presented  was  naturally  full  of  theory,  but  theory  of  a  most 
important  kind,  though  possibly  the  practical  bearing  of  the  research 
which  Professor  Roberts-Austen  had  been  conducting  with  so  much 
skill    might   not   be    quite   so   apparent   at   first  sight  as  it  would 


Oct.  1891.  ALLOTS    BE8EABCH. 

certainly  become  later  on.     Too  much  stress  could  not  be  laid  on 

the    discovery,    if    it    might    so    be    called,    of    the     Le     ( 'hatelier 
pyrometer.     In  the  first  place  it  was  a  means  of  ascertaining 
high  temperatures  with  absolute  certainty.      The  calibration  curve  in 
Fig.  2,  Plate  115,   showed  what  reliance  might  be  placed  upon  it; 
and  the  extreme  smallness  of  the  twisted  junction  of  the  two  wi: 
PigB.  1  and  8,  Flate  116,  enabled  them  to  he  inserted  with 
in  any  substance,  of  which  it  was  desired  to  ascertain  the  temperature. 
In   the  next   place  this  discovery  gave  even    DOW,  and   he  could  not 
help  thinking  it  would  do  so  still  more  in  the  future,  a  wonderful 
power  of  ascertaining  the  quality  of  a  mass  of  steel  in  every  part 
from  one  end  to  the  other.     Hitherto,  in  th<  forein    i, 

might   indeed    be    got  from   the   two  ends,   and    he    ;-  sfc   1 

mechanically.     But  these  left  in  absolute  darkn  qualify  of  the 

intermediate  portions  of  the  ma--,     of  eon:  of  the  causes  of 

the  variation  in  the  different   parts  of  a  Bteel  forging  was  Liquation, 

that    is,   alteration    in    the  chemical    composition  of  the  DISSS   by    the 

separation    of    its  more    fusible    constituents:    in   consequence   of 

which  the  nature  of  the  two  ends  and  of  the  mi. Idle  portion    might 

not  .trily  be  the  simc;    and  if  it  was    not    the    same,  the   metal 

would    behave    differently   under    the    treatment    to    which    the    whole 

ing    was    subjected.      In    tin-    case    of   gun    Bteel    especially, 

which    assumed    the    form    of    Ion-     tubes     and     hoops  -tin-     inner 

tube-  of  some  of  the  larger  guns  being  nearly 
and  some  of  the  boops  \~i  or  11  feet  Long,  1  feet  diamet 
ami  6  inches  thick  the  ends  could  be  tested,  but  the  middle 
had  to  be  tak<n  for  granted.  Now  however,  with  the  aid  of 
this  pyrometer,  by  taking  the  mere  ahavingB  that  wrote  turned 
out  in  boring  or  in  rifling,  ami  heating  them  and  then  Letting  them 
!  and  describe  autographically  their  own  curve-  of  cooling,  it 
was   almost  in,   if   the    curves   described   by    tin  ling  of 

shavingi  taken  bom  every  i  the  forging  were  identical,  that 

the  composition  of  the  forging  must  When 

more  came  to  be  known  about  this  mod  (ting,  lie  thought  that 

it  would  be  jM.-^ihie  to  tell  whether  tin    physical  condition  of  the 
ras  throughout. 
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Molecular  changes  took  place  in  steel,  in  consequence  of  its 
being  in  various  states  of  tension.  Just  as  Professor  Roberts- 
Austen  bad  indicated  in  the  case  of  sulphur,  which  from  its 
amorphous  or  plastic  condition  could  by  stretching  be  brought  back 
to  the  crystalline  form,  so  steel  under  severe  tension  undoubtedly 
altered  its  composition ;  and  this  being  the  case,  it  seemed  probable 
that,  if  specimens  taken  from  the  steel  were  subjected  to  the  process 
of  cooling  and  of  tracing  their  curves  of  cooling,  the  autographic 
curves  would  indicate  whether  there  was  any  change,  and  whether 
there  was  any  difference  in  the  quality  of  the  steel  in  various 
portions  of  the  mass.  When  a  change  was  thus  indicated,  of  course 
attention  would  be  drawn  to  the  matter,  and  the  effects  of  the 
change  counteracted  by  proper  treatment.  For  instance,  forgings 
which  were  made  at  several  heats,  and  were  consequently  in  an 
unequal  state  from  being  partly  hot  and  partly  cold,  if  re-heated  and 
properly  annealed  afterwards  might  be  restored  to  a  uniform 
condition  throughout.  The  result  of  the  researches  which  the 
Institution  had  started  he  was  in  great  hopes  would  be  to  give  a 
practical  power  of  determining  the  internal  state  of  the  material, 
which  would  be  of  the  utmost  possible  value,  especially  now  that 
such  enormous  masses  were  beginning  to  be  dealt  with.  The 
Institution  he  hoped  would  persevere  with  the  work ;  it  would  take  a 
long  time,  and  the  absolute  results  might  be  long  of  attainment; 
but  they  would  certainly  be  reached  at  last. 

Mr.  Robert  A.  Hadfield,  as  a  member  of  the  Alloys  Research 
Committee,  considered  they  had  been  exceedingly  fortunate  in  getting 
such  an  able  and  energetic  worker  as  Professor  Roberts-Austen  to 
take  up  the  preliminary  scientific  investigations  of  this  important 
subject.  Having  himself  made  probably  about  as  many  experiments 
as  any  one  else  in  this  special  field  of  research,  he  knew  full  well 
how  great  a  want  there  was  of  helpers  working  on  scientific  lines  like 
Professor  Roberts-Austen,  whose  excellent  address  at  the  recent 
Cardiff  meeting  of  the  British  Association  upon  the  present  state  of 
metallurgical  science  was  most  acceptable  to  all  interested  in  keeping 
up  to  date  their  acquaintance  with  metallurgical  matters.     In  the 
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present  discussion  lie  hoped  something  would  bo  heard  from 
Mr.  Howe  of  Boston,  Massachusetts,  whom  he  was  sure  all  would 
he  glad  to  see  and  welcome,  not  only  on  account  of  his  own 
valuable  treatise  on  the  metallurgy  of  steel,  but  also  afl  one  of 
the  hosts  who  hist  year  in  America  had  so  handsomely  entertained 
among  the  members  of  the  Iron  and  Steel  Institute  many  who 
members  also  of  this  Institution.  Such  helpers  were  wanted 
to  collate  and  arrange  the  results  arrived  at  in  the  work  of 
practical  'men,  who  amidst  the  engagements  of  their  ordinary 
bnsini  as,  whilst  able  perhaps  to  produce  valuable  alloys,  had  not 
the  time  necessary  to  complete  the  investigation  and  organization 
of  their  own  result 

In  the  report  now  presented  by  Professor  Roberts-Austen  there 
med  to  him  to  be  certain  anomalies,  to  which  he  desired  in  no 
captious  spirit  to  draw  attention,  in  order  that  some  of  the  points 
raised  might  undergo  further  and  fuller  examination.  "With  reference 
firstly  to  the  two  columns  of  foreign  elements  given  in  page  oil  M 
affecting  the  properties  of  iron,  he  thought  some  modification  was 
required  in  their  classification,  in  order  to  be  in  ag  I  with  the 

facts  known  as  to  the  physical  qualities  of  alloys  of  iron  with   th< 
ants.      His   own   attention  having  been  devoted   to  alloys   of  iron 

alone,  ■  further  statement  he  thought  might  advantageously  be  added 

to  the  report,  giving  roughly  the  general  characterist  far  as 

known,    of  the    alloys    produced   with    these  elements.      To   take  one 

imber  of  experiments  had  convinced  him  that, 
notwithstanding  the  atomic  volume  of  copper  being  7*1,  while  that 
of  iron  was  7*2,  it  ought  not  to  1"-  placed  in  column  I  along  with 

carbon.  DOTOn,  nickel,  and  mangani  BO,  M  producing  BUnill  .       [ts 

totally  di  lie  red,  and  he  had  not  found  any  pointsof  iv-m -miliar 

This  opinion  had  been  confirmed  by  com  spondence  with  Bi.  Brustlein, 
who  had  worked  on  such  alloys  of  iron.  Copper  should  probably  be 
classed  with  sulphur,   phosphorus,   and    arsenic,  and  perhaps   with 

silicon  and  aluminium.  Apparently  it  did  not  confer  hardness,  and 
did  not  delay  the  cliai;  |   OT  hard  ii  i.  into  a  Of 

iron  :  judging  at  any  rate    t'rom  thOM  illoj  ppcr  and  iron 

to  do  with. 

B    I 
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Again,  in  a  recent  interesting  communication  to  the  French 
Society  of  Chemistry  (Bulletin  1891,  pages  840-3)  respecting  the 
allotropic  transformations  of  metals,  M.  Le  Chatelier  said  that  the 
results  of  a  considerable  number  of  his  experiments  pointed  to  the 
existence  of  only  a  limited  number  of  allotropic  changes ;  and  that 
therefore  the  variability  in  the  physical  properties  of  metals  could 
not  be  explained  by  their  existence  in  an  unlimited  number  of 
slightly  different  isomeric  states.  M.  Le  Chatelier  considered  that 
molecular  or  crystalline  transformations  were  due  rather  to  changes 
in  internal  structure — that  is,  in  the  forms  and  sizes  of  the  crystals 
or  grains  of  metals  in  juxtaposition,  and  also  in  the  mode  of 
distribution  of  the  impurities — than  to  changes  in  chemical  character. 
In  other  words  the  changes  that  occurred  were  of  a  structural  nature, 
and  were  produced  by  physical  treatment,  as  distinguished  from 
chemical  action. 

The  following  was  an  approximate  classification  which  he  had 
attempted  in  the  light  of  experiments  thus  far  made  with  alloys  of 
iron  that  had  come  under  his  own  observation ;  it  was  simply 
approximate,  and  was  not  drawn  up  as  anything  more  than  a 
suggestion  with  a  view  of  further  consideration. 


Class  1.     Carbon. 

„     2.     Nickel,  and  Manganese. 
3.     Chromium,  and  Tungsten. 
A.  Aluminium,  and  Silicon. 

Sulphur,  Phosphorus,  Arsenic,  and  Copper. 
Not  yet  classed — Lead,  Tin,  Cobalt,  Bismuth,  and  Cadmium. 


(A. 

lIb. 


In  class  1  he  had  placed  carbon  by  itself.  Neither  experiment 
nor  theory  could  get  away  from  the  fact  that  carbon  alone  produced 
"  water-quenched  hardness  "  in  steel :  that  is,  it  alone  conferred  upon 
iron  the  property  of  becoming  hard  when  water-quenched,  and  of 
acquiring  such  a  degree  of  hardness  as  would  enable  it  to  scratch 
glass  and  to  form  the  cutting  edge  of  tools.  He  was  informed  by 
Professor  Roberts- Austen  that  boron  would  do  the  same ;  but  not 
having  himself  seen  proof  of  this  yet,  he  could  not  offer  any  positive 
statement  of  his  own  on  this  point.  Samples  of  iron  alloys  which 
had  been  referred  to  by  M.  Osmond  as  containing  boron  were  of  so 
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small  a  size  that  he  thought  it  would  hardly  l>c  safe  to  generalize 
from  them  ;  and  he  should  like  to  see  larger  pieces  ma<h.-  and  tested. 
The  hardness  in  K  self-hardening "  steel  itsj  equally  due  to  carbon; 
and  muktrs  of  such  steels  ooald  confirm  the  statement  that  tb 

Is   could  not  be  self-hardening  without  a  Urge  percentage  of 
carbon  being  present  in  them.     In  analyst  elf-hardening  steel 

that  had  come  under  hifl  own  obsecration  there  had  always  been  a 
Large  proportion  of  carbon  present.  The  hardness  duo  to  carbon  was 
alike  produced,  whether  the  carbon  was  added  or  alloyed  by  itself 
with  iron,  or  whether  it  was  present  in  the  iron  along  with  other 
element-,  such  as  chromium,  a  hard  metal,  or  aluminium,  a  soft  metal. 
As  an  example  and  a  proof  of  the  latter  point,  he  had  obtained 
good  cutting   tools  with    an  alloy  containing   97   per  cent   iron, 

li  per  cent,  aluminium,  and  1   per  cent,  carbon  :   the  softening  I 

the  -  per  cent,  of  aluminium  being  apparently  masked  by  the  presence 
of  the  1  per  cent  of  carbon.  Another  special  characteristic  also 
possessed     by    carbon     was     that    in    small     quantities    it     produced 

powerful  effects,  as  already  pointed  out  in  Professor  Eft  bert  -  \ 
report.     For  instance,  as   little  as  0*05  per  cent  difference  from 
a   certain   standard    produced   steel   unsuitable   for   the   particular 
purpose  in  view.     This  characteristic  certainly  did  not  apply  to  many 

Others   Of  the  elements   that    were  u.-<  d  fot  alloying  with  iron.      With 

some  of  these  ■  dinen  nee  might  occur  of  six  or  eight  times  as  much 
the  above,  with  but  little  change  in  the  physical  properties  of 

the  alloy. 

In   class  -   he   would   plaee    nickel    and   man-jar  XheSS  were 

menti  which  when  added  in  sufficient  quantities  strongly  stiffened 
iron,  but  did  not  confer  the  property  of  water-quenched  hardn< 
Their  effect  most  nearly  approached,  whilst  gn  iitly  differing  from, 
that  of  carbon  ;  and  they  might  al-o  be  termed  hardeners,  though  of 
1.  as  intensity  ;  but  in  no  case  did  they  jive  water-<pienched  hardness. 
In  other  respects  bowerer  these  two  metals  did  not  both  of  them 
produce  by  any  means  the  muds  result  S  I  with  ;;  per  cent,  of 
msnganosT  was  oomparatiYely  brittle  in  its  forged  Btate,  while  8  pec 
cent,  of  nioke]  gave  i  tough  material.  Then  with  in 
quantities  of  the  latter.  atV  b  cent  than  was  n. 
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development  of  the  extraordinary  strength  noticed  with  manganese 

steel. 

In  class  3  he  placed  chromium  and  tungsten.     These  elements; 

stiffened  iron,  but  acted  much  less  powerfully  than  those  in  class  2. 

They  also  did  not  confer  the  property  of  water-quenched  hardness. 

For  instance,  in  chromium  steel,  should  carbon  also  be  present,  the 

chromium   then    acted    powerfully    in   retaining   the   carbon   in   or 

combined  with  the  iron  as   "  hardening  carbon."     Steel  containing. 

2  per  cent,  of  chromium,  and  in  which  the  carbon  was  not  more  than 

0*12  per  cent.,  would  not  harden  even  if  water-quenched  at  a  white 

heat.     As  soon  as  the  carbon  increased,  then  the  hardening  properties 

also  increased.     A  2  per  cent,  chromium  steel  with  say  1  per  cent. 

of  carbon  would  harden  more  readily  and  to  a  greater  depth,  as 

compared  with  steel  containing  the  same  percentage  of  carbon  only, 

and  devoid  of  chromium.     Only  recently  he  had  obtained  a  sample 

of  steel  containing  nearly  15  per  cent,  of  chromium,  which  could  be 

forged ;  but  he  would  not  advise  yet  any  attempt  at  such  a  mixture, 

because   the   forging  could  not  be  done  readily.     The  remarkable 

toughness  of  certain  "kinds  of  special  chromium  steel,  such  as  was 

produced  by  his  own  firm,  had  been  shown  in  a  trial  of  one  of  their 

6-inch  armour-piercing  shells,  made  with  special  large  core,  which  had 

penetrated  a  compound  plate  of  a  thickness  equal  to  the  calibre  of  the- 

projectile,  and  had  been  found  uninjured  nearly  a  mile  and  a  quarter 

on  the  other   side  of  the  plate.     In  another  case  one  of  their  6-inchi 

shells  of  ominary  armour-piercing  pattern,  and  of  similar  quality, 

had  been  fi  -ed  unbroken  through  two  separate  compound  plates,  each 

£  inches  thick ;  it  had  thus  punched  through  18  inches  of  compound 

plate>  ana  had  still  remained  uninjured.     When  fired  a   third  time 

against  ^- a  specially  prepared   compound   plate,  made   on  the  Ellis- 

Tressider*  plan  by  Messrs.  John  Brown  and  Co.,  it  had  met  its  fate  ; 

but  it  hadUaken  three  plates  to  beat   one  projectile.     The  peculiar 

fact  in  conn  ection  with  this  kind  of  steel  was  that  chromium,  whilst 

itself  probably  a  very  hard  metal — he  said  probably,  because  he  had 

never  been  ahte  to  obtain  a  sample  of  pure  chromium— would  yet 

not  produce  in  the  absence  of  carbon  any  apparent  increase  in  the 

hardness  of  the '•  iron  with  which  it  was  alloyed,  at  any  rate  up  to 


Oct.  1801.  allots  research.  579 

3  or  4  per  cent.  This  fact  was  so  far  in  confirmation  of  the  position 
assigned  to  chromium  in  the  report, where  it  wis  placed  in  column  II 
(page  644)  among  the  elements  tending  to  keep  iron  soft ;  and  he  was 
gla<l  to  call  Professor  Roberts-Austen'fl  attention  to  it  for  what  it 
might  be  worth. 

In  (dass  -1  ho  would  include  aluminium,  silicon,  sulphur, 
phosphorus,  arsenic,  and  copper.  Whilst  agreeing  in  their  general 
properties  of  not  conferring  hardness  upon  iron,  these  six  might 
preferably  be  separated  into  two  groups,  A  and  B,  group  A 
comprising  aluminium  and  silicon,  and  group  B  the  four  others. 
Though  aluminium  was  a  metal  and  silicon  a  metalloid,  these  two 
certainly  agreed  together  remarkably  in  many  of  the  effects  they 
produced,  though  not  in  all.  They  did  not  act  so  powerfully  in 
destroying  malleability  and    toughness  a-   the    four  others  forming 

up  B;  but  as  soon  as  they  exceeded  say  •')  per  cent  the  resulting 
alh»ys  of  iron  possessed  similar  qualities  to  those  imparted  by  the 
four  in  group  B.  The  alloys  of  iron  with  aluminium  and  with 
silicon  did  not  possess  much  commercial  value,  though  he  had 
obtained  seyeral  remarkable  results  with  the  metalloid  silicon  up 
to  as  high  as  2  ox  even  2}  per  cent.  'Die  proximity  in  the  atomic 
volumes  of  aluminium  10*6  and  silicon  ll--  was  worthy  of  note, 

ing  the  similar  results  they  produced  when  alloyed  with  iron. 

In  group  B  of  (da--  1.  Bulpli  I  copper,  when  present 

in  but  small  quantities,  acted  similarly  in    destroying  malleability 

and  ductility  either  in  hot  or  in  cold  iron.     Phosphorus  also  produced 

a  somewhat  similar  effect,  but  might  be  0X081  ufl  in  larger  quantities 
before  red-shortness  occurred  ;  it  caused  serious  brittlenesa  in  cold 
iron,  as  was  well  known,  at  any  rate  as  regarded  steel.  All  the 
above  alloys,  even  with  small  percentages,  were  soft, brittle, and  of 
little-  value.  They  differed  from  the  alloys  of  group  A  in  serexal 
ots. 

A-  to  iron  alloyed  with  lend  and  tin,  his  OWH  experiments  had 
/lot  been  v-  essful.      With    lead    it    seemed    impracticabh 

ie  alloy  or  combination  ;    intact  the  w  hole  of  the  b  ad    added    had 

D  f>und  at  the  bottom  of  a  Bfc  el  ingot  -\  inches  square,  DOfl  albyi  d 

at  all    and     apparently    unchanged.       It  to    him    a    rather 
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remarkable   circumstance  for   a   metal  having  such  a  low  melting 

point  as  lead  to  be  found  apparently  unchanged  at  the  bottom  of  an 

ingot  of  another  metal  whose  melting  point  was  ten  or  twelve  times 

higher. 

Some  experiments  had  been  made  with  cobalt.  When  alloying 
lh  per  cent,  he  had  found  the  iron  forged  well,  but  did  not  possess 
hardness.  Bismuth  had  been  tried,  but  the  experiments  were  yet 
incomplete.  The  same  remark  applied  to  cadmium ;  if  the  results 
with  it  should  turn  out  to  be  of  any  interest,  he  should  be  glad  to 
communicate  them  to  Professor  Eoberts- Austen,  who  had  told  him 
that  he  thought  results  of  special  interest  might  be  obtained  with  this 
metal.  As  gold  and  silver  were  at  present  so  scarce  in  steel  works, 
nothing  had  been  done  in  the  direction  of  alloying  iron  with  them. 
Faraday  was  reported  to  have  experimented  with  silver  steel,  and  a 
material  bearing  this  name  had  been  made  in  Sheffield  ;  but  he  need 
hardly  say  such  steel  contained  no  silver. 

Though  necessarily  rough  and  approximate,  he  thought  that  the 
foregoing  classification,  based  upon  the  results  obtained  from  the 
alloys  produced,  might  be  borne  in  mind  before  adopting  as  definite  a 
classification  such  as  that  indicated  in  the  report.  The  work  of 
the  Eesearch  Committee  would  be  received  with  much  interest  by 
those  concerned  in  metallurgical  matters.  It  was  therefore  of  the 
greatest  importance  that  the  theory  so  ably  advocated  by  M.  Osmond 
and  also  by  Professor  Eoberts- Austen,  and  having  so  much  in  it  that 
was  attractive,  should  be  most  carefully  verified. 

With  regard  to  pyrometers,  too  much  could  not  be  said  in  praise 
of  the  work  done  by  Professor  Eoberts- Austen,  who  had  now  given  a 
most  interesting  and  valuable  result  of  his  labour,  much  of  which 
would  be  of  excellent  service  in  practical  working.  At  present  there 
was  one  drawback  with  the  pyrometer  described  in  the  report,  when 
it  was  applied  to  determine  temperatures  of  metals  with  high  melting 
points,  arising  from  the  fact  that  the  platinum-rhodium  wires,  when 
immersed  say  in  molten  steel,  became  brittle,  and  it  was  hardly 
possible  to  get  more  than  one  reading,  and  even  then  of  doubtful 
accuracy.  On  this  point  perhaps  Mr.  Howe  would  give  his  opinion, 
as  he  had  made  considerable  use  of  the  pyrometer.     If  some  method 
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could   he   devised    of  getting   over    this    difficulty,   he   thought    the 
instrument  would  really  be  a   practical  one  and   of  gr 
After  the  amount  of  trouble  taken   by  Dr.  Anderao d   and 

Pn  a,  it  would  liave  been  mosi  bible  if  the 

cooling  diagram-  from  the  Bamples  toted  of  commercial  steel  had 
happily  afforded  more  definite  results;  he  trusted  however  that 
farther  rould  be  made.     Without  donbt  mneh  wi 

gained  by  correct  observation  of  the  cooling  curves,  on  th<  lent 

method  devised    by    Professor   Roberts-Austen,  to  whom   were  due 

Boial    thanks    for    I  fct    amount   of  time   and   thought  lie  had 

devoted  to  this  ini  ion.    From  his  pn  port  it  was  evident 

that   this   interesting   subject    offered    great   soope   for   research,   if 
ally  carried  out ;  and  lie  believed  that  discoveries  were 

to  be  made  which  would  prove  of  the  utmost  value  to  the  future 
pn  i  :'  mechanical  engineering. 

Mr.  Hkhbi  AL  Eowx,  Boston,  Massachusetts,  thought  the  theory 

was  certainly  moat  attractive  that  the  effect  produced  in  a  metal  by 

impurities    or    foreign    ingredients   was    a    function    of    their    atomic 

volume.      As  he  ondersi I   from    a  former  paper    by  Professor 

Boberts-Austen,  not  only  the  tenacity  hut  al.-o  the  melting  point 
■hould  he  a  function  of  the  atomic  volume.  That  IS,  the  effect 
produced OU  the  melting  point   a-  well   a-  OH  the  tenacity  of  a  metal 

by  slight  additions  of  foreign  elements  was  a  simple  function  of  the 
atomic  volume  of  those  elements.     In  the  i  iron,  the  effect  of 

an     addition    of    carhoii     WM     unquestionably     to    lower    its    melting 

point.      On   ti  theory  th<  should   not   the  addition  of 

iall  quantity  of  phosphorus,  coming  as  this  at  did  at  the 

other  end  of  the   -'ale  of  atomic  volumes  in  page  544,  raise  the 

melting  point  ?     But  such  c  ridenoe  a-  at  pn  I.  he  thought, 

showed    that    phosphorus   did     BOt    tend    to    rai>c    the    melting   point 

of  iron.       There   might     he    some    way    of  explaining    this;     ](ut    at 

any  rate,  looking  ut  the  effect  in  gi  dj  ral  i  t'  foreign  substanoes  en 

iron,  he  thought  that  Ling  to  present  knowledge  copper  and 

carbon  could  not  readily  be  classed  together  in  the  same  group.    The 

:ion  taken  by  ML  Osmond  which  attracted  il«'  most  notice  and 
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opposition  seemed  to  him  not  to  be  that  there  was  an  allotropic 
change  in  iron  during  cooling :  this  he  thought  he  was  prepared 
to  admit,  for  the  fact  had  long  ceased  to  be  questioned  that  iron 
suddenly  lost  its  magnetism  and  suddenly  regained  it,  not  gradually, 
but  with  a  leap  at  a  critical  temperature.  There  was  no  reason  he 
thought  to  suspect  that  it  had  anything  to  do  with  the  presence  of 
carbon,  or  of  anything  but  iron.  But  M.  Osmond  went  a  little 
further,  and  maintained  that  the  hardening  of  iron  on  sudden  cooling 
was  not  due  to  any  change  or  difference  in  the  condition  of  the 
carbon,  as  had  been  believed ;  but  was  due  to  the  allotropic  change 
in  the  condition  of  the  iron  itself ;  and  apart  from  all  his  experimental 
skill,  it  had  to  be  seen  whether  any  evidence  had  been  offered  by  him 
which  supported  his  view. 

The  Le  Chatelier  pyrometer  seemed  to  him  to  be  one  of  the 
greatest  boons  that  metallurgists  had  ever  received,  enabling  them 
to  measure  high  temperatures,  even  up  to  whiteness,  with  great 
convenience,  rapidity,  and  accuracy.  The  accuracy  indeed  was 
astonishing.  While  not  able  yet  to  speak  positively,  his  experience 
led  him  to  hope  that  comparative  results  might  under  favourable 
conditions  be  got  with  an  error  of  not  over  2°  C.  or  4°  Fahr. ; 
and  absolute  results  with  an  error  of  not  over  10°  C.  or  18°  Fahr., 
or  perhaps  even  not  over  half  as  much.  Careful  manipulation 
by  skilful  hands  was  of  course  required  for  such  a  degree  of 
accuracy;  but  even  with  the  rougher  handling  which  might  be 
looked  for  in  industrial  establishments  he  thought  there  was  no 
reason  why  the  error  should  exceed  20°  or  at  most  30°  C,  or 
say  40°  to  50°  Fahr.,  even  with  such  high  temperatures.  As  to 
rapidity,  this  was  one  of  the  greatest  merits  of  the  instrument. 
It  might  be  illustrated  by  a  particular  case.  Supposing  that  the 
temperature  had  to  be  observed  simply  of  some  one  point  or  object, 
then  of  course  absolutely  continuous  observations  could  be  obtained 
if  desired  :  so  that  the  rapidity  was  absolute,  the  time  taken  between 
the  observations  being  infinitesimal.  But  supposing  it  were  wished  to 
control  the  temperature  of  say  twenty  heating  furnaces  :  then  all  that 
had  to  be  done  was  simply  to  embed  permanently  in  the  brickwork  of 
each  furnace  a  thermo-electrical  couple,  from  which  a  wire  was  led 
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to  a  switch-board  in  connection  frith  a  single  galvanometer.  By 
means  of  the  switch-board  tin-  galvanometer  could  then  l>e  connected 
with  one  of  the  furnaces  after  Another,  or  any  one  at  will ;  ami 
without  any  great  hurry  he  saw  no  reason  why  the  temperatures 
should  not  be  determined  <>f  at  least  five  furnaces  ^iu  a  minute. 
Having  himself  used  the  galvanometer  under  like  conditions,  if  he 
remembered  aright  hii  rrations  had  been  even  more  rapid  than 

this.  Not  more  than  eight  seconds  he  thought  were  required 
to  make  any  one  observation,  switching  from  one  thermo-junction  to 
another.  The  United  States  were  now  arming  their  e  aBti  with 
large  mortars,  or  vertical  guns,  oast  on  the  Rodman  principle  round 
a  water  core,  which  purposely  induced  i  severe  stress  in  the  steel 
in  cooling.  It  was  important  to  study  the  difference  between 
the  rate  of  cooling  on  the  outside  of  the  gun  and  in  the  bore;  but 
hitherto  there  had  been  no  ready  means  of  ascertaining  or  controlling 
the  rate  of  cooling  on  the  outside  of  the  gun.  The  rate  of  cooling 
in  the  bore  could  begot  readily  from  observing  the  heating  of  the 

water;  but  DOW,  in  an  investigation  which  he  should   take  up  on  his 

return,  it  was  intended  to  embed  in  the  mould  in  which  the  gun  was 
cast  ■  series  of  thermo-electrical  couples,  so  as  to  determine  at  i 
short  intervals  the  temperature  of  ■  great  number  of  points  on  the 

outside  of  the  gun  as  it  was   OOOling.      Tlieiice    later  would  of  COD 

be  ascertained  the  relation  between  the  rate  of  cooling  on  the  outside 
and  in  the  bore,  and  the  consequent  stress  in  the  gun.     Such  i 
of  observations  seemed  to  resemble  those  made  by  Professor  Roberts- 
Austen  on  the  cooling  of  the  outside  and  inside  of  ingots, as  described 

in   the  report  (peg  ;   and   he-  fully  agreed   with   liim  as   to   the 

importance  of  this  field  for  research. 

r  ifessor  •'.  |  >.  Arnold,  Sheffield,  questioned  whether  the  plan 
thus  far  pursued  in  this  research,  of  which  the  present  report  was 
the  introduction,  did  not  entail  a  great  wasfc  of  precious  labour,  with 

small  prospect  of  an j  g 1  result,  at  any  rate  in  connection  with 

iron  and  steeL    Such  comparatively  simple  substai  Id  and 

i  seemed  to  him  not  likely  to  furnish  any  osefu]  ana 
investigating  so  marvellously  complex  a  substs.  L,  which  he 
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considered  to  be  far  more  important  for  engineers  to  study ;  and 
however  fascinating  might  be  the  theories  presented  in  the  report, 
steel  research  was  in  his  opinion  a  field  of  too  national  an 
importance  to  be  used  lightly  as  a  cantering  ground  for  the  hobbies 
of  periodicity  and  allotropy.  The  report  appeared  to  him  to  be 
really  an  abridgment  of  M.  Osmond's  paper  on  the  critical  points  of 
iron  and  steel,  read  before  the  Iron  and  Steel  Institute  (Journal 
1890,  No.  I,  page  38) ;  and  Professor  Roberts- Austen  appeared  to 
assume  a  responsibility  for  the  whole  of  M.  Osmond's  theory,  much 
of  which  the  speaker  believed  to  be  untenable.  It  might  be  well 
to  point  out,  for  the  information  of  those  who  had  not  had  an 
opportunity  of  seeing  M.  Osmond's  own  diagrams,  that  the 
prominence  therein  given  to  the  points  of  recalescence  during  the 
cooling  of  a  piece  of  steel  was  represented  in  Professor  Roberts- 
Austen's  diagram,  Fig.  12,  Plate  118,  by  nothing  greater  than  the  three 
tiny  ledges  at  d,  e,  and  /,  in  the  autographic  curve  obtained  from 
another  piece  of  the  same  steel  (page  558).  Such  minute  deviations 
from  the  smoothness  of  the  rest  of  the  fair  curve,  drawn  by  the 
admirable  photographic  recorder,  were  hardly  sufficient  in  his 
opinion  to  be  taken  as  an  indication  of  so  important  a  change  as 
would  be  that  of  hard  into  soft  iron. 

It  was  somewhat  startling  to  metallurgists  to  find  that  chromium, 
silicon,  and  tungsten  were  classed  in  page  544  among  elements  which 
softened  steel;  but  a  little  further  down  in  the  same  page  their 
softening  action  was  qualified  by  the  proviso,  "  did  not  their 
individual  properties,  or  those  of  their  compounds,  mask  this  natural 
consequence  of  their  presence."  Such  a  qualification  seemed  to  him 
to  deprive  the  classification  of  all  value,  and  to  lead  nowhere. 
Engineers  ought  to  be  told  what  were  the  properties  of  alloys  of 
these  various  elements  with  iron  and  steel,  if  any  use  was  to 
be  made  of  them. 

Hardness  had  been  several  times  mentioned  in  the  report,  and 
also  in  the  original  paper  by  M.  Osmond ;  but  the  fact  seemed  to 
have  been  ignored  that  there  were  different  kinds  of  hardness,  such 
as  abrasion  hardness  and  brittle  hardness.  A  steel  which  was 
quite   soft  to  the  drill   or  the  turning  tool   might   nevertheless   be 
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quite  brittle  under  the  hammer  ;   and  the  hardness  which  rend. 
it  brittle  was  a  different    kind    of  hard:  i  m   that  of    a  taming 

tool.  Annealing  was  defined  in  the  original  paper  by  If.  Osmond  as 
rendering  iron  Bof)  and  malleable  by  Blow  cooling,  lint  annealing 
as  carried  ont  in  Iff.  Osmond's  experiments  was  not  annealing  at 
all,  in  the  proper  Bense  in  which  the  term  wis  qb  1  by  <  Qgin<  i  n  and 

[makers.    If  a  steel  casting  in  a  dry  sand  mould  were  hit  u 
mould  tor  ;  hours,  it  oooled  from  fluidity  to  (say)  a  milk-warm 

heat.  It  was  Blowly  cooled,  and  according  to  If.  Osmond's  idea  it 
had  been  annealed.     Bat  ■  casting  of  average  hardness  so  treated 

would   he   very  brittle  under  the  hammer.     If  however  immediately 

after  being  .:   was  placed  in  an  annealing  t  furnace,   and  was 

maintained  at  a   fair  red  heat  for  as  mueli   afl   »  vn  nty  hours,  and  was 

then  allowed  to  coo]  gradually,  the  effect  of   Bach  Long  anneal 

Was    that    it    became    |  1    of  great    toughness.      These    ditl'erent 

states  of  steel  appeared  to  him  not  to  hav.  taken  into  account 

by  either  M.  Osmond  or  Professor   Boberts-^  theywi 

of  the  atmosi  practical  importance.    In  connection  with  M.  Osmond's 

theory    of    hard    and    Boft    iron,    it    WIS    represented    in    the    report 

that  the  point  d  in  Pig.  12,  Plate  L18,  probably  marked 

the   change    from  hard  I  iron  in   the  mild  steel  containing 

•  »•  It)  per  cent,   of  carbon.      It   Beamed   to   be   believed    that    this    very 
Small    perturbation    or    halt   in    the    autographic    record    marked  what 
would    really    be    a    gigantic    internal    convulsion,  t  complete   cha: 
of  hard    iron    to   soft   iron:     that    i-    to    say,    that    iron    when    it    WSJ 

heated  was  in  the  hard  and  on   cooling,   it'  tl 

.  it  panned   into  ti  HoreoTer  the  theory  was  that 

carbon    had    an     influence    upon    the   extent    of  thi>   change,   and  that 

in    a    Bteel    low    in   carbon    the   iron   passed    almost    entirely   into   tin 

in    OOOling,    while    in    I  high    in    Carbon    the   carbon 

trded  tin  of  the    iron    from    the    hard    to    ; 

5fel  khk  rery  diagram,  Pig.  1-.  Plate  L18,  loomed  to  him  to  furnish 

evidence  against  snch  a  altogether.     If  the  l 

marked  the  changi    from  the  hard  to  the  soft  iron,  it  would 

be    I  I    that    in    a    mild    Bteel     the    halt     would    DC    much    DK 

mark*  d.  Dt  0  much    more  COmph  te  ;   and 
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that  in  a  steel  high  in  carbon,  as  the  change  was  somewhat  retarded 
by  the  carbon,  the  pause  would  be  less  marked.  But  as  a  matter 
of  fact  it  would  be  observed  that  the  lower  curve  in  Fig.  12,  drawn 
by  the  harder  steel,  presented  a  rather  greater  perturbation  at  the 
temperature  d,  where  the  iron  was  suj>posed  to  be  passing  from  the 
hard  into  the  soft  state. 

For  some  thirty  years  past  Dr.  Clifton  Sorby  of  Sheffield  had 
been  making  some  remarkable  researches  into  the  microscopic 
structure  of  steel ;  and  his  results  were  not  theories  based  on  the 
slow  or  fast  movement  of  a  beam  of  light,  but  must  be  regarded  as 
actual  facts.  The  latest  research  which  he  had  laid  before  the  Iron 
and  Steel  Institute  (Journal  1887,  No.  I,  page  255)  showed  that 
steel  was  one  of  the  most  remarkable  bodies  in  the  world,  either 
artificial  or  natural.  In  steel,  just  within  the  range  of  microscopic 
vision,  was  found  a  remarkable  compound  structure,  called  by 
Dr.  Sorby  the  "  pearly  constituent,"  consisting  of  alternating  laminae 
of  unequal  thickness  and  of  different  composition.  As  far  as  his 
observations  had  gone,  they  had  tended  to  confirm  the  theory  that 
the  thicker  laminae  were  pure  iron  free  from  carbon,  and  the 
thinner  ones  were  carbide  of  iron.  The  thickness  of  the  thinner 
laminae  was  about  l-80,000th  of  an  inch,  and  of  the  thicker  about 
l-40,000th  of  an  inch.  And  in  all  the  specimens  he  had  tried  of 
true  steels,  when  properly  prepared  and  magnified  about  700 
diameters  under  the  microscope,  Dr.  Sorby  had  found  that  there 
constantly  cropped  up  this  remarkable  structure.  There  was  no 
doubt  whatever  that  the  changes  in  the  structure  of  steel  on 
hardening  had  an  enormous  influence  upon  its  physical  properties ; 
and  a  reference  to  Dr.  Sorby's  microscopic  researches  on  this 
subject,  which  he  had  himself  almost  entirely  confirmed  by  a 
laborious  investigation,  seemed  to  him  to  be  absolutely  necessary 
in  the  discussion  of  the  report  now  presented. 

Turning  to  the  really  valuable  work  which  had  been  done  in 
this  research,  he  was  glad  to  call  attention  to  the  fact  that,  while 
M.  Osmond  had  reduced  into  definite  form  the  crude  theories  of 
recalescence  which  had  been  in  existence  for  some  time,  and  had 
shown  certainly  within  fairly  accurate  limits  the  temperatures   at 
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which  recalesoenoe  really  took  place,  Professor  B  'Austen  had 

now  confirmed  these  temperatures  by  his  autographic  curves.  The 
lower  eurve  in  Fig.  12,  Plate  118,  and  the  upper  in  Fig.  13, 
Plate  119,  ahowed  a  great  eyolntion  of  heat  at  a  temperature  a  little 
below  700  0.  or  1,300°  Fain-.,  which  he  himself  thoroughly  beli<  \.  1 
in  an  marking  a  change  in  the  carbon.  By  the  verification  of  this 
recalescence,  oonpled  with  the  results  of  the  microscopical  research, 
he  had  arrived  at  tlie  conclnaion  that,  when  steel  was  heated,  the 
whole  of  the  carbon  was  dissolved  in  the  iron  in  some  form;  hut  on 
<•  oling,  the  actual  fact  wa^  that  the  steel  became  separated  into  the 
alternating  plates  of  pure  iron  and  carbide  of  iron.  On  annealing, 
the  constituents  of  the  plates  became  more  segregated,  and  the  Bfc  I  I 
was  softer.  The  present  research  he  therefore  considered,  in  order  to 
be  of  practical  value,  should  certainly  be  correlated  with  microscopii 
ch. 

A  feature  in  the  present  report,  which  he  considered  almost  as 
important  as  Le  Chatelier's  pyrometer  it-elf.  was  the  autographic 
recorder;  and  its  admirable  adaptation  by  Professor  Roberts-Austen 
to  the  pyrometer  would  render  this  instrument  he  believed  a  boon  to 
metallurgists  and  engineers.  <  >n  tin- whole  he  thought  that  this 
method  of  observation,  devised  by  If.  I  %mond  and  Profi  n 
Roberts-Austen,  must  rank  as  one  of  the  moans  by  which  all  aamph  - 
of  Bteel  used  in  researches  must  in  future  be  examined. 

In  the  further  prosecution  of  this  research,  what  he  wished 
particularly  to  recommend  was  ■  careful  system  of  extensive 
correlation.  The  examination  of  the  steel  should  comprise  its 
chemical  composition,  its  mechanical  properties  under  van 
conditions,  whether  anneal*  I  or  Qnanneeled  or  hardened,  its 
microsoopica]  features,  and  its  characteristics  in  respect  of 
recalescence.  If  this  was  done  and  as  Car  as  he  Knew  there  s 
no   insuperable  difficulty  in   the   way  of  doing  it     then  seientil 

metallurgical  research  would  become  a  practical   r«  ality  to  Sngil  I 

and  would  result  in g I  sound  work,  such  as  better  materia]  I 

rails   or   for    brides   or   for    shop    tools.      This   was   the   direction    in 
whi<h    he  considc  red  that   all  b    into   iron   |fl 

,<  d. 
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Mr.  Charles  E.  Stromeyer  had  recently  compiled  the 
accompanying  table,  which  might  be  of  interest  in  connection  with 
this  discussion,  for  showing  generally  the  influences  of  the  various 
impurities  in  mild  steel.     These  data  he  had  collected  from  papers 

Influence  of  Impurities 
on  some  of  the  Properties  of  Mild  Steel. 


Element 

constituting 

Impurity. 

>> 

'o 
c3 
PI 

CD 

H 

p 

o 
■i— i 

be 

o 

Eesistance 
to  Impact. 

Pliability. 

bb 

"a 

O 

'P 
W 

o 

o 
O 

Cold. 

Eed 
Hot. 

White 
Hot. 

Carbon 

Silicon 

Arsenic 

Phosphorus 

Sulphur    . 

Copper 

Manganese 

Nickel 

Chromium 

+ 
+ 
+ 
+ 
0 

+ 
+ 

+ 

0 

+ 
+ 
0 

+ 
+ 
+ 

0 

+ 

+ 

0 

+ 

_  ? 
0 

0 

+ 

0 

0? 
0 

+ 
+ 

+ 

? 

+  denotes  that  the  property  is  increased  by  the  impurity. 

—  ,,  „  ,,  diminished  „ 

0  ,,  ,,  ,,  not  affected  „ 

?  ,,  ,,        various  authorities  are  conflicting. 

read  before  various  societies ;  but  with  many  of  them  he  did  not 
agree,  particularly  in  those  cases  where  the  authorities  were 
conflicting.  In  this  compact  form  however  he  hoped  the  table  might 
prove  useful,  and  might  be  completed  and  corrected.  Amongst  the 
doubtful  cases  was  silicon,  of  which  it  had  not  been  definitely 
ascertained  whether  it  diminished  the  pliability  of  mild  steel  at  a 
white  heat,  or  in  other  words  whether  it  produced  red  shortness. 
Similarly  the  evidence  was  conflicting  as  to  whether  copper  affected 
the  welding  qualities  of  steel ;  and  also  as  to  whether  manganese 
affected  its  susceptibility  to  corrosion.  The  table  might  also  with 
advantage  be  extended  to  include  not  only  other  elements  but  also 
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other  prop* .■:■:'.<  -.  -  tch  m  melting  point.  viscosity,  limit  of  elasticity, 
gj  dees,  fto.     Moreover  it  appeared  to  him  that  m>  one  impurity 
could  be  said  to  produce  a  certain  offset  when  other  impuriti 

..     It  Beamed  as  it"  some  of  t lie  mgredients  mtensified,  reduced, 
or  entirely  reversed  the  of  others.     Tims  the  tenacity  and 

hardening  qualities  were  increased,  and  the  elongation  and  pliability 
reduced,  by  carbon  ;  while  ■  further  admixture  of  manganese  reduced 
or  ;  1  all  th<  coepl  the  increased  tenacity.     Tungsi 

and  some  other  ingredients,  not  included  in  the  table,  appeared  to 

with    silicon   and  chromium   in   increasing   the   property  of 
hardening  which  carbon  gave  to  iron,  and  to  red  of  the  other 

properties. 

The    experiments    which    had    been    described    in    the    report 
istituted  in  his  opinion  i  new  test,  which  he  hoped  would  help  to 
throw  a  great  deal  of  light  <>n  the  property  i  1  ;  for  there  w< 

various  questions  which  could  not  be  investigated  by  the  tensile  or 
bendinj  ox  by  any  of  the  other  tests  hitherto  employed.     Thus 

•  -  often  failed  oold  after  flanging;  yea  when  subsequently 
cut  up  and  tried  by  tensile,  bending,  and  other  tests,  the  steel  was 
invariably  found  to  be  of  the  best  quality,     [n  the  bending  test 

had   recently  asked   friends   to  try   whether  any  further  information 

could  be  gained  by  nicking  specimens  before  bending  them.    Several 

ilts  had  been  sent  him,  from  which  it  app  that  thin  pi 

of  mild  Bteel  when  nicked  could  be  broken  only  after  bending  them 
through  a  large  angle,  if  the  -simples  hud  been  properly  annealed 
utter  being  cut  off  the  plates.     But  thick  plates  when  nicked  broke 

Hy  under  the  bending  t<  Bts.      Samples  an  inch  thick  could  be  bent 

perfectly  double  without  breaking,  if  they  had  not  been  sicked  ;  but 
if  nicked  a  sixteenth  of  an  inch  deep,,  they  broke  otf  short.     Pieces 

cut   from    plates   Only   half  an    inch    thick   could    be   bent    to   a    right 

angle  after  being  nicked.     In   some  of  t!  i  rperiments 

three    qualities   ot'  steel    had    been   tried,   having   tensile  strength! 

24,  28,  and  :;-J  ton-,  pi  r  square  inch  ;  and  twelve  samples  wen 

of  each  quality.     It  was  found  that  the  resulti  fairly  well 

with    one  another   in   each    of   the    t:  ui'j.ly  enough 

.t    through  a  Larger  angle  than   the   medium 


590  ALLOYS    RESEARCH.  Oct.   1891. 

(Mr.  Charles  E.  Stromeyer.) 

quality.  This  would  show  that  the  nicking  of  annealed  samples 
before  bending  would  disclose  some  property  of  the  material  not 
revealed  by  either  the  tensile  or  the  temper  bending  test.  It 
remained  to  be  seen  whether  this  test  could  be  useful  in  any  way  for 
ascertaining  the  quality  of  steel ;  it  appeared  to  him  to  be  a  sensitive 
test,  but  the  data  were  not  yet  sufficient.  Another  test  which  might 
throw  light  upon  the  quality  of  the  material  was  to  measure  its 
behaviour  while  being  chipped  or  machined ;  for  it  was  well  known 
that  mild  steel  was  much  tougher  than  iron,  although  of  almost  the 
same  chemical  composition  ;  and  mild  steels  of  identical  composition 
differed  so  materially  in  this  respect,  that  with  a  little  experience 
workmen  could  tell  by  chipping  a  plate  in  what  district  it  had  been 
manufactured.  The  difference  in  toughness  might  be  due,  amongst 
other  causes,  to  the  heat  at  which  the  steel  had  been  worked ;  for  ii, 
seemed  a  fact  that  the  tenacity  of  the  metal  was  greatly  affected  by 
this  cause. 

In  regard  to  the  experiments  made  with  the  miniature  ingot 
shown  in  Fig.  8,  Plate  116,  and  illustrated  by  the  curves  in  Fig.  13, 
Plate  119,  it  seemed  to  him  that  the  thermo-junction  wires  leading 
to  the  centre  of  the  ingot  would  acquire  the  mean  temperature  of 
that  distance,  and  impart  it  to  the  junction,  so  that  the  latter  would 
not  indicate  the  actual  temperature  at  the  very  centre  of  the  ingot, 
but  a  somewhat  lower  temperature.  The  outer  hole  was  so  shallow 
and  so  near  the  edge  of  the  ingot  that  the  temperature  of  the  outside 
was  probably  shown  correctly  enough.  In  connection  with  the 
radiation  of  heat,  he  might  mention  some  interesting  experiments 
made  by  Mr.  Thomas  Andrews,  of  Wortley  Iron  Works,  Sheffield,* 
as  to  the  strength  of  axles  at  low  temperatures.  In  one  experiment 
a  railway  axle  had  been  placed  in  a  freezing  mixture,  of  which  the 
temperature  was  —  4°  Fahr.,  or  36°  below  freezing  point.  In  order 
that  the  cooling  of  the  axle  might  take  place  slowly,  it  was 
surrounded  by  an  air  space  of  J  inch.  The  temperature  in  the  axle- 
was  measured  with  thermometers  dipped  into  mercury,  which  was 
deposited  in  holes  drilled  in  the  axle  ;  and  in  Fig.  19,  Plate  123,  he 

*  Proceedings  Institution  of  Civil  Engineers,  vol.  xciv,  1888,  pages  180  and  192. 


ALLOTS    RESEARCH. 

hid  plotted  a  reprov  d  of  the  atoms  recorded.     It  t 

9J  hoi;  bice  the  temperature  of  the  axle  from  32    Fahr.  down 

t  i  zero,  the  freezing  mixture  remaining  1    lower.     A  pecnlia] 
which  would  lie  noticed  in  the  curve,  Fig.   19,  was  that   certain 
humps  occurred   in   it  as   the  temperature  fell:   thus   at   24     and 
at  17J     there  was  a  distinct  break  in  the  continuity.     It  might 
that  these  irregulariti  accidental,  inasmuch  as  the  experim< 

re    not    made    for   the   pui  'aiiiing    those    points,   but 

simply  to  produce  slow   cooling  of  the  axle.      Another  instance  hud 

•i  mentioned  by  1':  Wedding,  at  the  German  Iron  and  St' .  1 

Institute  at  Duaseldorf  in    1888.      While  explaining  that,  if  a  pi 
of    Bteel   which    had    been    polished   ready   for    the   microscope    were 
heated  to  the  temperature  of  molten  had,  the  structure  was  far  m 
dearly  developed   than   before,   he    had    remarked    as    a    curious 

phenomenon   that    the    rate   of  Increase    in    temperature   of   t: 

I  a  decided  check  at  this  point:  so  that  it  appeared  as  if 
there  was  a  break  in  the  curve  of  heating  at  the  temperature  of 
molb  d  Lead.      J:.  rer  of  the  cooling  of  Bteel, 

which   he    had  examined,   he    had   not   found    any    breaks   indicating 
e.      The    instrument   described   in    tin-   report    was   one   by 
which  he  thought  it  might  be  possible  to  d<  t<  .-t  whether  there  really 
was  f(  Calea  temperature-  or  n<  '. 

Mr.  J.  E.  Stead,  Middlesbrough,  considered  that  i  deal  <>f 

good  would  probably  result  from  investigation  of  the  hind  described 

in  the  report.     Dr.  And*  irks  (pa  .1  shown  how 

this  pn  igation  might  at  once  be  utilised.     With  regard 

lasaification  of  oarbon  and  other  elements  into  the  two  cla>sc.s 

a  in  page  544,  he  thought  M.  Osmond  had  in  view  only  their  effect 
in  d<  laying  tin  change  of  iron  from  the  hard  to  the  soft  condition,  and 

any  othei  Mr.   Hadfield'e   suggestion  of  re-classifying 

tin  they  produced  upon  Bteel,  would 

I--  found  mosi  raluabL  doubt  they  would  haw  to  be  arran 

into  it  number  of  cla^se^.      It    would  m>t  be  suthcient   to  Btudy 

the  of  only  one  or  two  elements ;  but  after  these  had  b 

lied  moal  thoroughly,  a  third  element  mual  be  introduced,  and 
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then  the  study  be  begun  entirely  over  again.  The  combinations  in 
iron  and  steel  were  most  extraordinary ;  and  the  investigation  if 
properly  carried  out  would  be  so  elaborate  that  few  of  those  present 
would  be  likely  to  see  it  finished.  Mr.  Hadfield's  remarkable 
investigations  had  shown  clearly  that  manganese  produced  certain 
effects  in  iron  up  to  a  certain  percentage,  but  different  effects  with  a 
larger  quantity.  Investigations  with  alloys  of  iron  and  other  metals 
than  manganese  must  be  made  in  a  similar  way,  right  through  the 
whole  class,  before  it  could  really  be  understood  what  effect  any 
particular  element  had  upon  iron.  In  his  own  experience  in  the 
manufacture  of  steel  he  had  found  most  extraordinary  differences  in 
steel  of  identically  the  same  chemical  composition.  Cases  of  this 
kind  he  considered  should  be  carefully  investigated ;  and  he  believed 
that  the  method  of  investigation  described  in  the  report,  by  means 
of  the  thermo-electric  pyrometer  now  exhibited,  might  throw  some 
light  upon  the  real  differences.  At  present  it  was  very  difficult 
indeed  to  find  out  invariably  why  one  steel  should  be  good  and 
another  bad. 

Mr.  J.  Macfarlane   Gray  thought  there  was  not  more  theory 
(page  572)  in  the  report  now  read  than  in  the  paper  discussed  on 
the  previous  evening.     The  method  of  experiment  described  in  the 
report  was  most  interesting  to  himself,  because  it  opened  up  a  way 
to  get  at   some    definite   knowledge   regarding   the    constitution  of 
matter  and  its  molecular  aggregations.     A  hypothesis,  according  to 
which   every   physical    phenomenon   was   the   result   of    enormous 
pressure  in  the  universal  ether,  had  been  promulgated  in  his  own 
paper   on  the  ether-pressure   theory  of  thermodynamics,  in  which 
he  had  shown  that  a  change  of  molecular  aggregation  might  be  a 
change  of  effective  volume  in  respect  to  the  ether  (Proceedings  1889, 
page  386).      The  steps  in   the   cooling   diagrams   illustrating   the 
present  report  denoted,  in  his  view,  that  the  total  area  of  matter 
surface  exposed  to  the  ether  permeating  the  molecular  interstices 
was  at  the  same  time  diminishing  abruptly :  a  diminution  of  ether- 
bounding  area  being  necessarily  accompanied  by  evolution  of  heat, 
and  vice  versa.     When  the  small  amount  of  this  implied  diminution 
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of   i  e   volume  was    regarded,   and    was   compared   with   the 

mechanical  equivalent  of  the  heat  ther  1.  the  -:<>n 

was  forced  apon  his  mind  that  the  •  of 

the  order  of  billions  i  m  the  a  inch.     B  i';-r  as  I 

statement  was.  it  wae  coiToh  irated  in  every  phen<  menon  of  physical 

I   it   would  be  on  the  lines  of  thought  set  out 
in  his  paper  on  the  ether-pressure  theory  that  the  features  of  the 

ling  diagrams  now  exhibit  ild  ultimately  be  explained.     In 

his  further  paper  on  the  rationalization  of  Kegnault'fl  experiments 
on  steam  (Pi         tinge    L88   .  9)  he  had  attempted,  ai 

of  the  etlc  -are  tin.  .  rational   formula  for  the 

asure   of    Bteam    at    all    temperatures,   without    any    empirical 
constants.      Dp   to  about    28  res,   the    highest    pressure 

lied  in    Regnault's  experiments,  there  was  perfect  corroboration 
of  the  formula   (page    ll-V):   but   above   that    point   the  pn 

calculated  by  his  own  formula  were  much  in  I 

by  the  i  formula,  and  the  amount  of  the 

disagreement  was  shown  in  page   117.     In  the  Comptes  Rendus  of 

i   May    1891  117")  were  published  tl.  i  of 

MM.  L.  Cailletet  and   E.  Colardeau,  made  at  the  Eiffel  tower  with 
the  use  of  an  open  mercury  column  for  pn  ind  up  to  2 

atmospheres  their  observations  of  pressure  were  much  more  accurately 
1  by  the  formula  given  in  his  own  paper  of  1 G  140) 

than   they   were   by   the  empirical   formula   constructed   apon   the 

eriments    themselves    and    given   in   t'       I      iptes    Rendus 

h  August  lv'.'l  I  tboration  he  hoped  might 

tempt  "th<  i  idy  thai  I  it  might  be  applied  by  Borne 

abler  men   than   himself.     In   the   pneumatic   calking   tool,  which 
ha-1  exhibited  in  tl.  rening  apon  boiler 

construction,  hi  lad  to  reoognisi  the  portable  steam 

riveter  exhibited  by  himself  at  the  Dublin  meeting  of  the  Institution 
ago  (  Procei  din       L865,  pa  i  had  had  it 

in  use  also  asa  pneumatic  calker  worked  by  oompressed  air.     N 
it  os  ok  from  America  much  impn  ad  the  improvenn 

by  no  one  more  highly  than  by  him- 

pnator.    But  if  it  should  take  anotl 
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the  ether-pressure  theory  similarly  to  the  front  again,  he  could  not 
help  wondering  whether  he  should  then  have  an  opportunity  of 
reminding  the  Members  of  his  paper  on  the  subject ;  he  could  only 
hope  so. 

Professor  Roberts-Austen,  in  reply,  said  that  M.  Osmond's 
classification  of  the  elements  alloyed  with  iron,  which  had  been 
adopted  in  page  544  of  the  report,  had  been  arranged  only  in  accordance 
with  observed  facts  in  regard  to  the  change  of  state  in  iron  as 
indicated  by  the  pyrometer.  By  careful  chronographic  record 
M.  Osmond  had  found  that  the  elements  in  column  I  did  delay  the 
change,  and  that  those  in  column  II  did  hasten  it :  those  were 
observed  facts.  Copper,  so  far  as  physical  experiments  went,  he 
himself  quite  agreed  was  not  a  hardener  (page  575) ;  but  then  it 
came  at  the  bottom  of  column  I,  its  volume  being  7*1,  or  so  close 
to  that  of  iron  7  •  2  that  only  a  little  more  would  have  turned  it  over 
into  the  other  class  ;  its  position  therefore  should  be  viewed  with 
some  leniency.  While  there  was  no  evidence  to  justify  the  lowering 
of  carbon  from  the  position  which  it  occupied  as  the  steel-producing 
element  (page  576),  he  considered  that  boron  was  entitled  to  a  share 
in  this  property ;  though  certainly  carbon  stood  out  with  such 
prominence  as  to  be  almost  unique. 

With  reference  to  the  statement  in  page  544 — that  the  elements  in 
column  II  would  act  on  iron  as  annealing  did,  rendering  it  soft 
and  malleable,  "  did  not  their  individual  properties,  or  those  of 
their  compounds,  mask  this  natural  consequence  of  their  presence  " 
— this  proviso  he  was  aware  qualified  the  classification  adopted. 
But  it  must  be  remembered  that  nothing  was  known  of  the 
action  of  these  elements  in  pure  iron  in  such  minute  quantities 
as  could  be  strictly  compared  with  those  of  carbon.  Steel  almost 
ceased  to  be  steel  if  the  quantity  of  carbon  exceeded  1*3  per 
cent.  A  very  hard  steel  would  be  produced  by  no  more  than 
0*8  per  cent,  of  carbon.  The  effects  of  other  pure  elements  in 
so  small  a  quantity  were  not  yet  known :  that  was  a  subject  for 
future  investigation.  Again,  no  one  had  yet  succeeded  in  getting 
much  chromium  or  much  tungsten  into  iron,  without  the  simultaneous 
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presence  of  a  groat  deal  of  carbon.  It  was  indeed  most  desirable 
to   investigate    the   properties   of  all   the  compounds  of  iron  with 

other  elements;   but    the    immediate   object    with  which   the  present 

report  had  been  Btarted  was  to  study  molecular  action;  and 
this  was  the  main  object  of  M.  Osmond's  classification,  which  had 
been  reproduced  as  ■  quotation  in  the  report,  and  for  which  the 
h'<  -earch  Committee  w<  ponsible  only  as  a  quotation. 

Botli  Mr.  Hadneld  and  ZNIi-.  Strom*  1  anxious  that  the 

action  of  elements  on  iron  should  be  classified;  and  although  he 
himself  considered  that  the  time  had  not  yet  come  for  making  such 
a  classification,  he  nevertheless  offered  tentatively  as  ■  basis  for  the 
purpose  the  following  scheme,  which  appeared  to  himself  and  to 
B£  Osmond  to  possess  certain   merits.    It  was  still  based  on  the 

tnic    Folume    of  the  added   impurity;   and   it   showed   that,   as  the 

atomic   volume   of    the   added   element    augmented,    the  influeo 

.  lually  ceased   I  :;eial.  and   ultimately  became  absolutely 

prejudicial    to   the    mechanical    properti  1.       It    should    be 

remembered  that  the.  volume  of  iron  was  7*2,  ■  little  lax 

than  that  of  OOpp 

Added  Element,  Influence  of  the  added  Elenu 

and  it.s  Atomic  Volume. 

of  iron  into  steel 
I  Boron  ft'll 

■  Ni«k«  1  6*7]      I   leful  under  certain  conditions:  Nickel  in  Schneider 

M  armour-plates;  Manganese  In  Hadneld  steels;  and 

(t  ■,.;  7- 1 1         '    j'i><  r  in  Bchneidi  r  st  i  Is  for  q 


i  »  :'ul  in  certain  conditions,  but  rather  by  i 
a  reflex  action  on  the  carbon,  than  by  direct  action 
of  tin  ir  own. 


i  Tungsten 


fAluminium     1"  '  •,      ,  l  but  without  much  d  Lion. 

con  li 

nio  18  - 1 

I  'j  •  j  u- 1  Kill  in  all  r.iN  s. 

[8ulphur  18-7J 

It  had  been  questioned  by   !  aold  i]  ■>  whether  the 

plun    thus   far   nursmd   in   this  research  did    m-t  entail 
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of  precious  labour ;  and  lie  had  deprecated  drawing  analogies  between 
the  action  of  impurities  on  gold  and  on  iron.  With  reference  to 
such  a  view  of  the  subject,  Professor  Roberts- Austen  observed  that 
those  whose  position  as  teachers  gave  hope  that  experimental  work 
in  the  field  of  metallurgy  might  in  the  future  be  expected  from 
them  were  too  few  already ;  and  he  wished  therefore  to  say  nothing 
that  would  discourage  anyone  at  the  outset  of  his  career ;  but 
he  would  point  out  that  the  tone  of  Mr.  Arnold's  remarks  would 
doubtless  have  been  different,  had  he  better  understood  the  nature 
and  object  of  the  Committee's  research,  which  was,  as  stated  at 
the  outset  of  the  report,  "  to  investigate  the  effects  of  small 
admixtures  of  certain  elements  on  the  mechanical  and  physical 
properties  of  iron,  copper,  and  lead."  The  desire  of  the  Committee, 
as  pointed  out  in  the  next  sentence,  was  to  extend  an  investigation 
previously  made  upon  the  application  of  the  "  periodic  law  "  to  the 
mechanical  properties  of  metals. 

It  was  widely  recognized  that  phosphorus,  sulphur,  carbon,  boron, 
silicon,  and  other  elements  might  be  obtained  chemically  pure,  and 
yet  under  variations  of  thermal  treatment  could  be  made  to  pass 
from  their  normal  state  to  an  allotropie  one,  in  which  their 
properties  were  entirely  altered.  This  had  already  been  illustrated 
during  the  present  discussion  by  the  well-known  example  of  sulphur 
in  its  elastic  form  like  india-rubber,  and  in  its  crystalline  yellow 
condition,  the  sulphur  being  equally  pure  in  both  states.  It 
might  fairly  be  concluded  that  physicists  in  this  country  and  in 
France  had  demonstrated  that  iron  could  exist  in  at  least  two 
distinct  states.  Professor  H.  Le  Chatelier,  while  not  attaching 
so  much  importance  as  he  himself  did  to  the  effect  of  (3  or  hard  iron 
on  the  hardening  of  steel,  nevertheless  stated  that  in  manganese- 
iron  alloys  the  iron  must  be  present  in  the  j3  or  hard  form.  Such 
men  as  Pionchon,  Ditte,  and  Le  Chatelier  were  satisfied  as  to  the 
existence  of  allotropie  iron,  which  was  the  basis  of  much  of  Osmond's 
recent  work.  Now  if  any  metal  under  investigation  could  exist  in 
two  states,  each  with  widely  different  properties  from  the  other,  it 
was  absolutely  necessary  at  the  outset  of  any  research  to  ascertain 
which   modification  of  the  metal   was   the    subject  of  examination. 
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Such     an     enquiry    was      nevertheless     dismissed     by     Mr.     Arnold 

(page  583)  as  wasteful  of  precious   labour,  and  a->  offering  small 
prospect  of  any  g 1  result,  at  any  rate  in  oonnection  with  iron  and 

1.  It  appeared  to  Profess  >r  Roberts-Austen  however,  and  the 
Committee  entirely  Bhared  his  view,  that  it  was  his  firsl  duty  to 
collect  experimental  evidence  for  or  against  the  existence  of  iron, 
copper,  and  lead,  in  allotropio  conditions. 

In  the  experiments  which  were  relied  upon  as  indicating  the 
passage  of  iron  from  the  /I  or  hard  to  ti .•  3o£)  state,  it  WIS  UTf 

by  Mr.  Arnold   (page    :-"'»  that  the  thermal   evidence   of  change 
afforded  by  the  slight  halt  in  the  fall  of  temperature  at  the  point  d 
in  Fig.  12,  Plate  118,  was  too  small  to  mark  ■  gigantic  internal 
convulsion.      But,   although    arguments    from    analogy   bad    b 
disparaged   by   him,    it    might    in;  him    to    learn    that    the 

profound   molecular  change  which  must  occur  during  the  pass 
of  plastic  sulphur  to  its  crystallim  attended  by  but  little 

thermal  disturbance.     Time  alone  would   show  whether   anali 
were    worth    much    or    little    in    an    investigation   of    this    kind 
(peg< 

The  autographic  records  of  the  cooling  of  pieces  of  >\<<\. 
accompanying  this  report,  re]  1  precisely  the  same  mots  as  the 

plotted  chronograph  diagrams  illustrating  ( temond's  paper  to  the  Iron 
and  Steel  Institute  (Journal  L890,  No,  I.  page  -*'s):  and  all  the  data 
for  obtaining  curves  similar  to  M.  Osmond's  i  tided  in  tl.< 

autographic  curves  (page  584).  In  Pig,  1_\  Plate  L18,  the  marked 
prominenoi  I    C.  in  the  curve  of  moderately  hard  steel  was  due 

to  the  change  in  the  relation  of  the  carbon  and  the  iron  which  took 
place  as  the  mass  cooled.  The  oorn  sponding  prominence  at  /  in  the 
cun  ry  sofl  -!'  el  was  Less  marked,  because  the  latter  contain*  '1 

so  little  carbon;  but  in  some  cases  the  heat  evolved  during  the 
occurrence  of  the  carbon  change  was  sufficient  to  raise  the  temperature 
of  the  whole  mass  100  0.  The  amplitude  of  the  smalh  r  change  a!  d, 
which  occurred  at  the  higher  temperature  i  <     was  -1  >uhtlcss 

atly  influenced  by  the  simultaneous  pn  f  impurity.     This 

was  a  subject  fox  future  in  tion;  the  point  at   pn 

insisted  upon  was  that  this  evolution  of  heat,  which  occurred  w] 
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the  mass  cooled  down  to  about  850°  C,  was  seen  in  its  most  perfect 
development  in  iron  in  which  chemists  could  barely  detect  the 
presence  of  carbon. 

The  facts  mentioned  by  Mr.  Arnold,  in  connection  with  the  change 
in  structure  arising  from  alterations  in  the  relation  between  the 
carbon  and  the  iron,  were  well  known,  and  had  been  generally 
accepted. 

It  had  been  pointed  out  by  M.  Osmond  that,  as  the  proportion 
of  carbon  increased  in  steel,  two  of  the  points  of  recalescence 
tended  to  become  coincident ;  and  steel  containing  0  •  8  per  cent,  of 
carbon  should  have  the  maximum  effect  produced  by  the  two 
changes  when  they  coincided  at  about  750°  C.  or  1,380°  Fahr, 
The  carbon  point  of  recalescence  /,  Fig.  12,  Plate  118,  denoting  the 
change  in  the  relation  between  the  carbon  and  the  iron,  tended  to 
shift  upwards ;  while  the  higher  point  of  recalescence  d,  which  was 
believed  to  mark  the  change  of  what  he  thought  was  hard  iron 
into  soft  iron,  tended  to  shift  downwards,  approaching  the  carbon 
point  /,  until  they  united  and  augmented  each  other. 

Only  two  or  three  pages  of  the  present  report  had  been  devoted 
to  the  consideration  of  steel,  in  regard  to  which  he  had  recorded  the 
recent  experiments  he  had  himself  made  in  the  light  of  M.  Osmond's 
previous  investigations.  But  in  a  lecture  which  he  had  delivered 
before  the  British  Association  at  Newcastle-on-Tyne  in  1889,  on  the 
hardening  and  tempering  of  steel,  he  had  exhibited  a  number  of 
large  coloured  diagrams  in  illustration  of  Dr.  Sorby's  admirable 
microscopic  investigations  (page  586).  These  had  not  been  referred 
to  in  the  report,  simply  because  they  did  not  seem  to  him  germane 
to  the  present  stage  of  the  investigation :  in  which  he  was  not 
dealing  with  the  effect  of  particular  quantities  of  carbon  on  iron, 
such  as  formed  steel,  but  with  the  effect  of  the  molecular  structure  of 
iron  itself;  and  even  this  only  incidentally.  It  was  partly  that 
lecture  however,  he  believed,  which  had  led  Dr.  Anderson  to 
recommend  that  the  Alloys  Research  Committee  should  be 
appointed  ;  and  he  would  ask  the  members  of  the  Institution  to 
bear  in  mind  that  this  was  one  of  the  first  efforts  ever  made  to 
bring  the  study  of  molecular  physics  into   contact  with  the  great 
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mechanical  problems  of  the  day.     The  Committee  were  in 

the  molecular  grouping  of  metals,  which  underlay  their 

therefore  employed  the  pyromi  I  not  the  mi 

The  remarks  of  Mr.  Howe,  to  whom  all  Rngliah  metal  lurg 
who  visited  America  were  ind<  -   many  kindm 

enhanced  in  interest  by  tin:  admirable  volume  on  steel  which 
had  given  to  the  metallurgical   world.     There  were  indeed  many 
anomali  to   he   explained.      It    vras  act   known   as   yet  what 

was  the  i  itent  of  tlie  molecular  transformations  that   phosph< 
underwent    in    passing   into   solution,   nor  what    was   th<  I    of 

phosphide  of  iron.     When  all  these  questions  wej  red  op,  the 

answers   might    fo  rvice   in   explaining   some  of  the   i 

anomalies.     The   investigati  to   tin 

pn  -  in   impure  liquid  metals  were  now   being   conducted  by 

Messrs.  Eeycock  and  Neville  and  byhimsel£  It  could  l>c  Bhown 
that  the  atomic  volume  of  the  added  impurity  did  affect  the  amount 
\>y  which  the  freezing  point  of  a  metal  was  Lowered  31 ». 

As  to  the  belief  expressed  by  Bir.  Macfarlane  Gray 

that  the  atomic  volume  of  an  element  Was  altered  when  it  was  united 

by  fusion  with  a  mass  i  f  another  metal,  the  modern  investigation  of 
miotic  pressure,"  exerted  by  elements  when  dissolved  in  meti 

show  that  the  action  of  tin    added  <  lenient  was  definite  and 

that  the  volume  of  the  i  Lement  in  Bolution  bore  ■  simple  n  latioi 

initial  volume. 

The     Pbisid]  tid    the    report    now     read     by     Pj 

Roberts-Austen  was  only  the  commencement  of  this  research,  and  im 

e  was  made  of  having  reached  finality  on  any  point 

however    unlikely     it     might    he    that    either     ^Ir.    BJjM  G 

or  himself  would  i tainly  loos 

forwards  I  me   further   instalnu  i  it. 

Meanwhile  ho  had  tsure  in  asking  the  members  to  join  him 

in  giving  tin  ir  best  thank-   to   I  Lusten  for    this 

instalment  of  bis  labours  in  the  important  research  which  I 
•  the  \\<  looi  •  f  Dr.  And 
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Mr.  Walter  Bagshaw  wrote  to  call  attention  to  a  phase  in  the 
behaviour  of  melted  metal,  which  at  present  had  been  but  little 
examined :  namely  the  configuration  on  the  surface  of  molten  metal, 
particularly  cast-iron,  popularly  known  as  "  flowering,"  from  the  size 
and  pattern  of  which  some  indication  of  the  physical  properties  of 
the  metal  when  cold  might  be  gleaned.  Some  time  ago  he  had 
endeavoured  to  photograph  melted  metal  in  his  foundry  ;  but,  owing 
he  believed  to  imperfect  appliances,  he  had  not  succeeded  in 
obtaining  an  outline  visible  to  the  naked  eye.  If  a  series  of 
jmotographs  of  these  casting  flowers  could  be  taken,  and  tabulated 
with  the  chemical  analysis  of  the  metal,  the  breaking  weight  and 
deflection  of  a  test  bar,  and  the  photograph  of  its  fracture,  it 
seemed  likely  that  useful  information  might  be  gained ;  for  he  was 
confident  that  there  was  more  in  the  rough  and  ready  inspection  of 
the  metal  in  the  ladle  than  was  admitted  by  those  not  practically 
engaged  in  the  foundry. 

Another  point  of  interest,  of  which  a  satisfactory  explanation 
would  prove  a  boon  to  ironfounders,  was  the  common  practice  in 
the  foundry,  when  a  casting  free  from  blow-holes  or  other 
imperfections  was  required,  to  feed  the  mould  with  frequent  supplies 
of  fresh  metal,  which  was  pumped  in  by  a  rod  worked  up  and  down 
in  the  runner.  During  this  operation  the  outside  of  the  runner 
solidified  and  formed  a  tube,  through  which  additional  metal  was 
forced  into  the  casting  ;  there  was  thus  a  liquid  centre,  surrounded 
by  a  solid  exterior,  with  an  intermediate  pasty  material,  the  three 
states  blending  in  imperceptible  gradations.  The  question  arose 
whether  a  casting  artificially  fed  in  this  manner  was  as  free 
from  internal  strains  as  one  left  to  undergo  natural  shrinkage. 
Practice  would  seem  here  to  be  opposed  to  theory. 

Mr.  Edward  B.  Marten,  Member  of  Council,  wrote  that  it  had 
occurred  to  him  that  sulphur — which  in  its  crystalline  or  common 
condition  and  its  elastic  state  had  been  referred  to  by  Professor 
Roberts-Austen  as  illustrating  allotropic  forms  of  matter — was  the 
agent  which  turned  india-rubber  from  its  elastic  or  common  state 
into  the  exceedingly  hard  vulcanite  now  so  much  used  in  electric 
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work.  Was  there  any  analogy  between  this  effect  and  the  effect  of 
alloys  on  metals?  and  would  microscopic  investigation  of  tl 
substances  be  likely  to  reveal  any  similarity  of  molecular  structure 
to  that  of  iron,  or  of  iron  with  alloy  of  carbon  in  the  form  of  steel  ? 
India-rubber  being  an  organic  compound  might  indeed  be  thereby 
excluded  from  comparison  with  metals;  but  even  if  the  present 
investigation  could  not  be  at  all  assisted  by  the  analogy  of  materials 
dealt  with  at  Mich  low  temperatures,  their  analogy  might  at  L 
help  to  make  an  abstruse  subject  somewhat  clearer  to  the  uninitiated, 
in  the  same  forcible  way  in  which,  on  a  former  occasion  (Proceedings 
1883,  page  79),  Professor  Hughes  had  made  clear  bis  ideas  of  the 
effect  and  condition  of  molecules  <>i*  iron  and  steel  under  electric 
influence,  by  Btudy  of  iron  filings  loose  and  fixed  with  wax. 

Mr.  G-SOBOl  Aiti.v  wrote  that  attention  had  been  drawn  by 
Professor  Roberts-Austen  in  page  564  of  his  report  t<>  the  interesting 
information  afforded  by  the  pyrometer  in  connection  with  the 
measurement  of  internal  stresses  in  iron  and  steel;  and  it  was  added 

that  the  occurrence  Of  the  molecular  changes  in  Bteel  must  1 f  vital 

importance  when  the  metal  was  subjected  at  hi!_rh  temperatures  to 
mechanical  operations  such  as  rolling  or  forging.  This  was  a  subject 
on  which  reliable  information  would  be  highly  acceptable ;  and  the 
experiments  which  had  been  made  with  the  miniature  ingot  of  mild 
steel,  four  inches  diameter  ami  eight  inches  Long,  were  certainly  a 
step  in  the  right  direction.     It  appeared  to  him  desirable  however  to 

point  out  that,  although  the  upper  curve  in  Fig,  l  3,  Plate  l  l  9,  was  Btid 
to  record  the  cooling   of  the  centre   of  the  ingot,  what  it  actually  did 

n  cord  was  simply  the  cooling  of  the  bottom  ..t'  an  open  hob-  drilled 
down  iu  the  . .  eti'c  of  the  ingot.  This  hardly  repr*  sented  the  centre 
of  an  ingot  in  the  usual  acceptation  of  the  expression;  and  the  cooling 

the  ded   mutt    in  his  ..pinion  be  altogether  different  from  the 

ial  Cooling  Of  the  centre  of  an  iie_rot.  either  in  a  Mate  of  .piiescence 
or  durii  cos  of  rolling  or   forging.     Although  I  the 

points  A  ami    B   in   1  ;  ie    portions  of  the    two   curves    that    had 

been   obtained  from    the  two    holes   drilled    in    the   miniature  ingof 

shown  in  Fig.  8,  Plate  L16,  might  afford  som< 
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internal  strain  which  must  be  set  up  during  the  cooling  of  a  piece  of 
steel  of  the  size  experimented  upon,  such  an  indication  he  considered 
must  not  be  taken  as  applying  to  a  real  ingot  just  turned  out  of  the 
mould.  If  it  were  possible  to  record,  simultaneously  with  the  heat  of 
the  exterior,  the  heat  also  in  the  interior  of  an  ingot  during  cooling 
— not  of  a  hole  drilled  in  the  centre  of  an  ingot — a  different  condition 
he  believed  would  be  revealed  from  that  represented  by  the  portion 
of  the  curves  between  A  and  B  in  Fig.  13. 

When  making  a  series  of  experiments  about  two  years  ago  with 
armour-piercing  projectiles,  for  which  a  pyrometer  that  could  be 
relied  on  for  high  temperatures  would  have  been  most  useful,  he  had 
found  as  the  result  of  enquiry  that  no  trustworthy  pyrometer  could 
be  obtained  except  for  comparatively  low  temperatures.  It  had 
consequently  been  necessary  to  make  other  arrangements,  which, 
although  satisfactory  in  the  long  run,  had  entailed  considerable 
trouble  and  anxiety  at  the  time.  He  was  glad  therefore  to  hear  of 
the  accuracy  of  the  Le  Chatelier  pyrometer  now  described,  when  used 
for  high  temperatures. 

This  report  opened  a  wide  field  for  investigation ;  and  he  trusted 
that  Professor  Roberts- Austen  and  other  members  of  the  Research 
Committee  would  shortly  communicate  further  information  on  steel, 
as  this  appeared  to  be  the  material  which  most  closely  interested 
mechanical  engineers. 

Professor  Alexander  B.  W.  Kennedy,  Vice-President,  wrote  that 
of  the  many  points  of  interest  opened  up  by  the  work  done  by 
Professor  Roberts-Austen  for  the  Alloys  Research  Committee  he 
should  like  to  emphasize  one  only.  The  investigation  really  seemed 
to  him  to  bring  engineers  somewhat  nearer  to  the  causes  of  one  of 
their  great  troubles,  namely  the  existence  of  latent  stresses  in  materials 
supposed  to  be  unstrained.  If  Dr.  Anderson's  suggestion  (page  573) 
could  be  carried  out,  it  might  be  possible  to  find  out,  by  the  behaviour 
of  turnings  or  other  small  portions  of  a  material,  whether  its  physical 
nature  had  been  altered :  whether  for  instance,  if  a  bar  of  iron  were 
bent  cold,  any  change  took  place  at  the  bend  to  cause  it  to  differ 
from  the  unbent  part  of  the  bar.     Or,  perhaps  even  in  cast-iron, 
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whether  the  different  rates  of  cooling  in  different  portions  of  a  i 
left  such  traces  in  the  constitution  of  the  metal  a-  could  afterwards 
he  d<  b  <•;•  d  by  the  extraordinarily  delicate  apparatus  now  exhibit*  d. 
]f<-  did  not  understand  Prof.'-.-o.r  Roberts-Austen  to  say  that  he  conld 
already  go  so  far  as  tliis  :  lmt  he  hoped  that  farther  work  in  this 
direction  might   enable  some  results  of   the    kind    to    be   obtained. 
Would  turnings  from  the  fractured  surface  of  a  test  bar,  for  instai 
which  was  always  somewhat  strongly  magnetic  give  results  with  the 
thermal  method  different  from  those  given  by  turnings  from  other 
portions,  strained  or  unstrained,  of  the  same  bar?     Though  he  had 
not  himself  used  the  thermo-electric  pyrometer,  he  hoped  to  do 
among  other  purposes,  for  measuring  the  temperature  of  flue 

From  the  promising  Btarl  already  made,  the  work  of  the  Alloys 

Research  Committee  he  thought  would  prove  at  least  as  important 

that  of  any  of  the  other  Research  Committees  of  the  Institution  ; 

and  he  looked  forwards  with  much  interest  to  further  communications 

from  Profess  i  B  tberts-AusteiL 

Pi  EtoBSBTS-AusTEN  wrote  thai  the  interesting  remarks  of 

Mr.  Haiti  in  (page  COO)  seemed  to  be  much  to  the  point,  for  it  was 

more   than   probable   that   the   effect   of   sulphur  <  d    india-rubber 

1   analogies   to   the   influence   of  carbon   on   iron;  but   the 

problem  was  one  of  such  terrible  complexify  is  to  deter  workers  from 

ickingit  at  present.  Moreover  it  must  be  remembered  that  the 
pen  of  sulphur  in   india-rubber  was   Large.     As  an  organic 

compound,  india-rubber  was  by  no  means  excluded  from  comparison 
with  oompounds  of  carbon  and  iron,  which  were  almost  organic  in 

their  nature  ;   and    the   general    tendency  of  modern   research   wa 

break  down   the   distinction   which   had   hith< 
alloys  and  organic  oompounds. 

rd  to  Mr.  Addj  ignition  >.  which  was  much 

1    I »y  himself,  of  the   value   of    t!  •  uient    repi 

in    Pig.  L8,  Plate  110,  it   was  of  nmrsi  that  the  upper  ouj 

represented  the  cooling  at  the  bottom  of  a  hole  drilled  down  in  the 

centre  of  the  in ^-»t.  and  that  this  hoi  Int.  ly  closecL       1: 

Id  not  be  said  however  to  be  an  u  open  *'  hole,  I  il.  i  u 
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nearly  as  might  be  by  the  pyrometer  wires  and  their  insulating 
tubes ;  and  it  was  for  the  sake  of  clearness  that  the  size  of  the  orifice 
was  exaggerated  in  the  drawing.  Filling  such  a  hole  with  a  fusible 
metal,  as  was  usual  in  conducting  physical  experiments  at 
comparatively  lew  temperatures,  so  as  to  ensure  complete  thermal 
con' act,  would  not  have  met  the  case. 
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ArousTE  BnofAED  Albabsi  was  born  at  Dax  in  the  department 
of  Landes,  France,  on  20th  July  1821.  After  haying  rea  Lved  only 
the  most  elementary  instruction  in  hia  native  town,  he  nevertheless 
Bnooeeded  in  his  sixteenth  year  in  passing  the  examinations  n<  a  Bsary 
for  obtaining  admission  into  the  Ecole  des  Arts  el  M<ti.  rs  a1  Angi 
On  the  completion  of  his  studies  there  in  1843,  he  served  as  assistant 

gineer  on  board  the  Bteamers  f;  La  Chimene  "  and  "  Le  Cerbere." 
From  1844  to  1848  he  was  successively  u  working  iitt<  tor,  and 

draughtsman  in  several  important  works  in  Rouen  and  Pan'-.  In 
L848  lie  became  an  engine-driver  on  the  railway  from  Paris  to 
Lyons  ;  and  in  the  following  year  was  made  works  manager  <  t  the 
repairing  shops  in  Paris  belonging  t<>  that  railway.  In  1857  he  was 
appointed   inspector  <»f  the   work   that   was  being  done   at   various 

kblishments  in  France  and  England  for  the  Paris  Lyons  and 
Mediterranean  Railway.  Alter  spending  Borne  time  as  engineer  in 
the  locomotive  works  of  MM.  Cav6,  he  was  occupied  in  L858  in 
establishing    the   works   of    the    Madrid    8  «a    and    Alicante 

Railway  for  the  construction  of  their  rolling  stock.     In   1859  he 

ame  locomotive  engineer  of  the  Portuguese  Railways.  On  the 
death  in  1861  of  M.  Dnvoir,  manager  of  the  agricultura]  engine 
works  at  Rantigny,  Dear  Lianoourt-sous-Clermont,  in  the  departmenl 
of  Oise,  he  iras  appointed  hie  ior;  and  lie  greatly  enlarged  tin 

works,  until  they  now  employ  more  than  100  men.  During  the 
thirl  -  thai  be  continued  at  the  head  of  this  establishment,  the 

Work  he   turned    OUl    heeunie    known    throughout    all    parti  of    EuTOp* 

and  also  in  America,  eomprisu]  i    Dumbers  of  stationary  and 

thrashing  machines,  and  many  other  agricultural 
implements.       By    assiduous]  tin      vari-.us     agricultural 

meei  and  competitions,  he  made  Dims*  It'  |  ily  aoquaintod 

with   the   requirements  of  farm<  :li   in    France  and   in   other 
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countries,  and  gained  large  numbers  of  prizes  for  the  machines  he 
exhibited  on  these  occasions  as  well  as  at  the  great  international 
exhibitions.  He  received  the  successive  distinctions  of  the  Legion 
of  Honour,  in  recognition  of  the  important  services  he  had  rendered 
to  the  progress  of  agriculture.  He  was  a  justice  of  the  peace  for  the 
canton  of  Liancourt,  and  for  many  years  was  mayor  of  Rantigny, 
where  his  death  took  place  on  24th  January  1891,  at  the  age  of 
sixty-six,  while  he  was  still  actively  occupied  in  his  manifold 
engagements.     He  became  a  Member  of  this  Institution  in  1858. 

Samuel  Barratt  was  born  at  Harpurhey  Hall  near  Manchester 
on  10th  August  1843,  being  the  son  of  a  corn-merchant  in 
Manchester.  After  leaving  school  he  travelled  in  the  United  States 
for  nearly  three  years ;  and  on  his  return  was  apprenticed  in  the 
works  of  Messrs.  John  Penn  and  Sons,  Greenwich.  On  the 
completion  of  his  apprenticeship  he  went  to  the  works  of  Sir  Joseph 
"Whitworth,  Manchester,  for  about  a  year  and  a  half ;  and  left  there 
to  take  the  post  of  draughtsman  at  the  Gaythorn  gasworks,  where  he 
eventually  became  manager,  and  there  carried  out  several  alterations 
and  improvements  in  connection  with  the  late  city  surveyor, 
Mr.  Lynde.  After  holding  that  position  for  thirteen  years, 
he  was  promoted  to  the  gasworks  at  Rochdale  Road,  where  he 
continued  until  within  a  few  weeks  of  his  death,  which  was 
accelerated  by  the  anxiety  attendant  on  the  gas  stokers'  strike.  He 
died  on  26th  July  1891,  in  the  forty-eighth  year  of  his  age.  He 
became  a  Member  of  this  Institution  in  1879. 

Thomas  Comings  Hide  was  born  at  Camberwell  on  12th  October 
1825,  being  the  son  of  Mr.  G.  E.  Hide,  comptroller  to  the  General 
Post  Office,  London.  Though  educated  with  a  view  to  the  church, 
his  taste  for  mechanics  proved  so  strong  that  in  April  1842  he  was 
articled  for  five  years  as  a  pupil  to  Messrs.  Miller  and  Ravenhill, 
marine  engineers,  of  London.  At  the  expiration  of  his  articles,  he 
was  engaged  as  a  draughtsman  by  Mr.  Heseltine  of  Bow,  whence  in 
1848  he  went  as  second  engineer  on  board  the  "  Ranger,"  one  of 
the  small  screw-steamers  at  that  time  employed  in  the  cattle  trade. 
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Subsequently  bo  joined  the  uOndine,M  a  vessel  belonging  to  Mr. 
Baldwin,  the  proprietor  of  tbo  "Morning  Eerald,"  employed  in 
carrying  despatches  10X066  the  chaniu  1  on  the  Dover  station.  In 
January  1HV.)  be  accej)ted  an  appointment  ss  second  engineer  on  board 
the  paddle-wheel  frigate  u  Bombay  "  of  400  horse-power,  tben  fitting 
out  for  the  republicans  who  were  actively  engaged  in  Italy  at  that 
time  of  political  complications ;  but  as  the  vessel  on  completion  was 
not  permitted  by  the  British  authorities  to  leave  the  Thames,  he 
entered  the  German  navy  in  February  1850  in  the  same  capacity, 
and  joined  the  "Cacique"  tben  lying  at  Bremen,  and  was 
subsequently  appointed  chief  engineer  to  the  ••  Barber osss  "  in 
the  Mime  fleet.  In  February  1858  he  entered  the  service  of 
Mesc  i,  Robert  Stephenson  and  Co.  of  Newcastle-on-Tyne,  as  outdoor 
manager  in  their  marine  engineering  department;  and  lefl  tlicm  on 
•<  l'ting  the  office  of  chief  engineer  of  the  screw  "Carlo 

Alberto,"   ordered   from   that    firm    by   the   Sardinian   government. 
Subsequently  taking  part  in  the  operations  in  the  Black  Sea  during 
the  Crimean  war,  he  was  publicly  thanked  by  the  admiral  of  the 
I  for  the  valuable  adored  during  thai  period.    On 

his  return  to  England  he  accepted  an  appointment  under  Mr.  Miller, 
who  hud  retired  from  active  business  in  1852,  and  with  whom  he 
continued  until  Mr.  Miller  left  for  America,  where  he  subsequently 
died.  In  1858  he  became  manager  to  Messrs.  John  and  Alfred 
Blytb  of  London,  with  whom  he  remained  about  four  years.  In 
18frJ  he  commenced  busi  count  as  ■  oonsultma 

marine  engineer  in  Fenchurch  Street,  where  amongst  other  work  he 
designed   light-draft   Bteamers   for   the   Rhine,  Danube,   Buphral 
and  VYeser,  and  was  largely  ad  in  the  preparation  and  outfit 

of  blockade  runners  during  the  American  civil  war  which  had 
commenced  in  1861.     In  1869  hi  red  the  appointment  of  chief 

engineer  to  Kidderpoiv  Dockyard,  Calcutta ;  bat  on  account  of 

ill-health  of  hi-  H  bad   to  r- turn    to    England   in    the   following 

tr,   when   I  offices   in  Cullum   Stn.t,   in   partnership  with 

Mr.   Thompson   until    1878.      Having    bean   appoint 

marine    engiiu  I  i  India:  Railways,    he    Carried    out     a 

amount  of  work,  principally  light-draft    tfe  rn   00  1    lidl     paddle- 
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wheel  steamers  and  barges.  On  the  introduction  of  torpedo  boats 
he  was  also  consulted  by  friends  on  various  questions  connected 
therewith.  At  the  end  of  1890,  finding  that  his  physical  powers 
were  no  longer  equal  to  the  discharge  of  his  duties,  he  retired  from 
business  ;  but  he  gradually  became  weaker  from  creeping  paralysis, 
and  passed  away  on  8th  October  1891  in  the  sixty-sixth  year  of  his 
age.     He  became  a  Member  of  this  Institution  in  1864. 
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E.  A.,  Classification  of  elements  forming  alloys  of  iron,  575 ;  molecular 
changes  are  structural  rather  than  chemical,  576  ;  suggested  classification 
for  alloys  of  iron,  576  ;  "  water-quenched  hardness  "  in  steel  is  produced 
by  carbon,  576 ;  effects  of  nickel  and  manganese,  577 ;  of  chromium  and 
tungsten,  578 ;  toughness  of  chromium  steel,  578 ;  alloys  of  iron  with 
aluminium  and  silicon,  579;  with  sulphur,  arsenic,  copper,  and 
phosphorus,  579 ;  lead,  tin,  cobalt,  bismuth,  579 ;  pyrometer,  580. — 
Howe,  H.  M.,  Tenacity  and  melting  point  of  metal,  and  atomic  volume, 
581 ;  accuracy  and  rapidity  of  Le  Chatelier  pyrometer,  582. — Arnold, 
J.  O.,  Scope  of  report,  583 ;  different  kinds  of  hardness  in  steel,  584  ; 
annealing,  5S5 ;  theory  of  hard  and  soft  iron,  585 ;  microscopic  research, 
586;  recalescence,  587;  autographic  recorder,  587. — Stromeyer,  0.  E., 
Influence  of  impurities  in  mild  steel,  588  ;  bending  test,  589 ;  radiation  of 
heat  below  freezing  point,  590.  —  Stead,  J.  E.,  Combinations  in  iron 
or  steel,  591. — Gray,  J.  M.,  Ether-pressure  theory,  592 ;  pneumatic 
calking  tool,  593. — Eoberts-Austen,  W.  C,  Classification  of  elements 
according  to  atomic  volume,  594 ;  object  of  alloys  research,  596 ;  allotropic 
state  of  iron,  596 ;  autographic  records  of  cooling,  597 ;  points  of 
recalescence,  598  ;  microscopic  investigations,  598  ;  osmotic  pressure,  599. 
— Tomlinson,  J.,  Vote  of  thanks,  599. — Bagshaw,  W.,  Flowering  of  cast- 
iron,  600 ;  castings  free  from  blow-holes,  600. — Marten,  E.  B.,  Analogy 
between  vulcanite  andiron  alloys,  600  ;  value  of  analogies,  601. — Addy,  G., 
Cooling  of  steel  ingot,  601 ;  pyrometer,  602. — Kennedy,  A.  B.  W.,  Latent 
stresses  in  materials,  602 ;  pyrometer  for  flue  gases,  603. — Eoberts-Austen, 
W.  C,  Action  of  sulphur  on  india-rubber  and  of  carbon  on  iron,  603 ; 
cooling  curves  of  steel  ingot,  603. 

Alternative-Centre  Testing  Machine,  394.     See  Experimental  Marine  Engine. 

Anderson,  A.  S.,  elected  Member,  196. 

Anderson,  H.  J.  C,  Memoir,  472. 

Anderson,  Dr.  W.,  Translation  of  D.  Chernoff's  Materials  for  the  study  of  Steel 
and  of  Steel  Guns,  465. — Eemarks  on  Alloys  Eesearch,  572. 

Anderson,  W.,  Stockton-on-Tees,  elected  Member,  300. 

Anneal  General  Meeting,  Business,  1. 

Annual  Eeport  of  Council,  3.    See  Council,  Annual  Keport. 

Archbold,  J.,  elected  Member,  1. 

Archer,  C.  F.,  Eemarks  on  proposed  addition  to  By-laws,  40. 

Arnold,  J.  O.,  Eemarks  on  Alloys  Eesearch,  583. 

Ashworth,  H.,  elected  Member,  300. 

Aspinall,  J.  A.  F.,  Eemarks  on  Gas  Furnaces,  66 : — on  Boiler  Construction,  509. 

Asplen,  B.,  elected  Member,  196. 

Auditor,  appointment,  27. 

Autumn  Meeting,  Business,  479. 
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Bagshaw.  W.,  elected  Member,  1. — /  Mechanical   Treatment  of 

Moulding  Sand,  94. — Remarks  on  ditto,  102,  106  : — on  Alloys  Research, 
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i .\ i  i.  BlH  ink  Works,  Liverpo"l,  451. 
Barns,  J.  EL  I...  i    ober,  479. 

Barratt.  B ..  M    ooir,  606. 
Bati  3,  EL,  elect  d  Member,  196. 
Battlr,  A.  i:  .  elected  Member,  196. 
-..I.  el(  ci  1  Member,  1. 
!  .  II.,  Remark-  on  Marine-Engine  Trial*.  2fl 
Ml       Sm  Friction  Experimi  I 
B      : ty.  II.  M.,  elected  M  mber,  300. 
I:      :\\nn.  (r.  C,  elect-  d  Member,  1. 
Bertram,  l>.  \  ,  i  leeti  ■  !  Member,  196. 
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Test  pressures,  508. —  Aspinall,  J.  A.  F.,  Annealing  of  plates,  509  ; 
pneumatic  calking  tool,  509  ^removal  of  burr,  510. — Marshall,  H.  D., 
Locomotive  boilers,  510. — Tweddell,  R.  H.,  Objection  to  calking,  510 ; 
use  of  drift,  511 ;  drilling  and  punching,  511 ;  machine  and  hand  riveting, 
512 ;  flanging  machine,  513 ;  attachment  of  flues  to  end  plates,  513 ; 
boiler  testing,  514. — Jenkinson,  W.,  Leakage  from  flanged  joints,  514. — 
Marten,  E.  B.,  Labour-saving  tools,  515;  boiler  explosions,  516;  thinning 
of  plate  corners,  and  bending  of  plates,  517. — Crosland,  J.  F.  L.,  Increase 
of  pressure  in  Lancashire  boilers,  518 ;  width  of  plates,  518 ;  test 
pressure,  519. — Head,  J.,  Size  of  boiler  plates,  519 ;  manufacture  of 
plates,  520 ;  testing,  520 ;  bending  of  plates  after  drilling,  522  ;  factor  of 
safety  in  boilers,  522. — Phillips,  J.,  Bending  of  plates,  523. — Boswell,  S., 
Innovations  in  boiler  construction,  523 ;  high  pressure,  523 ;  tensile 
strength  of  steel  plates,  524 ;  stop-water  rivet,  524 ;  Bowling  hoop,  524  ; 
calking  and  fullering,  525  ;  steam-tightness  without  calking,  525  ;  gusset 
stays,  526  ;  removal  of  scale  from  joints,  526  ;  staying  of  end  plates,  526  ; 
test-pressure,  527 ;  removal  of  burr,  527 ;  angle  for  plate  edges,  527 ; 
punching,  527;  machine  riveting,  528;  flanging,  528;  testing,  529; 
flanged  flue-joint,  529 ;  manhole  doubling  plate,  529 ;  boiler  explosions, 
529;  table  of  boiler  explosions  in  1865-1890,530-2;  bulging  of  boiler 
plate,  533;  bending  rolls,  533;  large  plates,  533;  double  and  triple 
riveting,  533  ;  lamination,  534  ;  drilling  and  bending,  534  ;  steel  and  iron 
rivets,  534 ;  horizontal  and  vertical  bending  rolls,  534. — Tomlinson,  J., 
Improvement  of  boilers  by  Daniel  Adamson,  534. — Hiller,  E.  G.,  Modern 
and  earlier  boilers,  535 ;  testing  strips,  536  ;  butt  joints  and  straps,  537  ; 
shell  ring  seams,  537  ;  drilling  and  punching,  538  ;  construction  of  flues, 
538 ;  strengthening  of  flues,  538  ;  gusset  stays  and  angles,  540 ;  hydraulic 
test,  540.— Tumbull,  A.,  Steel  mounting  blocks,  541— Ratliffe,  G.,  Steel 
castings,  541.— Kirk,  A.  C,  Riveting,  541. — Boswell,  S.,  Steel  castings, 
542. 

Bolton,  R.,  Remarks  on  Rock  Drills,  177. 

Boswell,  S.,  elected  Member,  1. — Remarks  on  Experimental  Marine  Engine, 
413. — Paper  on  some  details  in  the  Construction  of  modern  Lancashire 
Boilers,  484.— Remarks  on  ditto,  502,  523-534,  542. 

Bousfield,  J.  E.,  elected  Member,  479. 

Bower,  A.,  Memoir,  189. 

Brewster,  E.  H.  G.,  elected  Member,  479. 

Bridie,  R.  H.,  elected  Member,  479. 

Bright,  P.,  Remarks  on  Rock  Drills,  172. 

Broadbent,  W.,  elected  Member,  479. 

Brock,  C.  W.  H.,  elected  Member,  1. 
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Buxbti  d,  1'.  I).,  elected  Member,  LJ 
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39.— Ar.       .  (    I",  LO  —Brown,  B.,  i"  -Tomlinaon,  .T.,  40.— Gray ,  J.  M. 
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Chatterton,  A.,  elected  Member,  196. 

Chernoff,  D.,  Materials  for  the  study  of  Steel  and  of  Steel  Guns,  465. 

Church,  H.,  elected  Graduate,  2. 

"  City  of  Paris,"  K.M.S.,  432,  454. 

Clark,  A.,  elected  Member,  300. 

Clarkson,  T.,  elected  Member,  1. 

Cochrane,  C,  Kemarks  on  Moulding  Sand,  104 : — on  Friction  Experiments, 

136  : — on  Marine  Engineering,  353  : — on  Grain  Warehousing  Machinery, 

378  : — on  Experimental  Marine  Engine,  402. 
Cole,  J.  W.,  Memoir,  290. 
Coles,  H.  J.,  Kemarks  on  Eock  Drills,  165. 
Collins,  A.  L.,  Remarks  on  Eock  Drills,  ]  73. 
Collins,  J.  H.,  Remarks  on  Eock  Drills,  163. 
Colyer,  F.,  Eemarks  on  Gas  Furnaces,  80. 
Constantine,  E.  G.,  Eemarks  on  Marine-Engine  Trials,  265. 
Conversazione  at  Summer  Meeting,  Liverpool,  429. 
Cooper,  M.,  elected  Member,  480. 
Cooperage,  Machine,  444. 
Cornett,  J.  P.,  elected  Associate,  301. 
Council,  Annual  Eeport,  3. — Number  of  Members,  3. — Transferences,   3. — 

Deceases,  &c,  4.  —  Eesignations,  5.  —  Financial  statement,  5,  10-13. — 

Eesearch,    6. — Donations   to  Library,  6,  14-23. — List  of  Meetings   and 

Papers,  6-7. — Attendances  at  Meetings,  7. — Summer  Meeting  1890,  7. — 

Diagrams,  9. 

Discussion. — Tomlinson,  J.,  Moved  adoption  of  Eeport,  23. — Head,  J., 

Seconded,  23. — Motion  carried,  23. 
Council  for  1891,  v,  24,  25. — Election,  24. — Appointment,  196. — Eetiring  list, 

and  nominations  for  1892,  481. 
Cowper,  C.  E.,  Eemarks  on  proposed  addition  to  By-laws,  38. 
Crosland,  J.,  elected  Member,  196. 
Crosland,  J.  F.  L.,  Eemarks  on  proposed  addition  to  By-laws,  30,  35  : — on 

Boiler  Construction,  518. 
Cutler,  S.,  Jun.,  elected  Graduate,  302. 


Daglish,  G.  H.,  Acknowledged  vote  of  Thanks  at  Summer  Meeting,  Liverpool, 

305. 
Daglish,  H.  B.,  elected  Member,  196. 
Daniel,  E.  F.,  Seconded  motion  for  appointment  of  Auditor,  27. — Remarks  on 

proposed  addition  to  By-laws,  37. 
Daniels,  T.,  elected  Member,  1. 
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DAVIT,  EL,  Paper  on  recent  Trials  of  Book  Drills,  111. — Remarks  on  ditto,  1^_\ 

18G  :— on  Friction  Experimi  D 
Davies,  J.  H.,  elected  Member,  300. 
D  ,  B.,  Paper  on  soni.;  different  kind  -  I'     :.       .  17. — K  marks  on 

ditto,  85. 
1 1    k,  J.  X.,  elected  Member,  1. 

I  ft  >s,  D.  H.,  elect,  d  Mi  i  iber,  1. 
Dickinson,  J.  C,  elect.  1  M  ,1. 

DobsuXjB.  A.,  Remarks  o:  ntoBy-1  —on  Gas  Furnaces,  G8. 

I I  by,  E.  R.,  Remarks  on  Friction  Experimental  131. 
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390. — Bedplate,  390. — Condenser,  and  measuring  tank  for  circulating 
water,  390. — Air-pump,  and  measuring  tanks  for  feed  water,  391. — Feed 
pumps,  391. — Feed  check-valves  and  relief  valve,  392. — Dynamometer 
brake,  and  adjustment  of  weights,  392 ;  cooling  by  water,  393. — Boiler, 
mountings,  blow-off  tank,  393;  circulating  arrangement,  394. — Testing 
machine  with  alternative  centres,  394 ;  mode  of  changing  the  centres, 
395. — Shackles  for  tensile  and  shearing  tests,  396. — Autographic  force- 
strain  recorder,  396. 

Discussion. — Hele-Shaw,  H.  S.,  Alterations  in  circulating  arrangement, 
398 ;  results  of  experiments  with  circulating  pipe,  399 ;  dynamometer 
brake,  400 ;  alternative  centres  of  testing  machine,  400 ;  shearing  dies, 
401. — Eipper,  W.,  Measurement  of  steam  consumption,  401  ;  steam-engine 
economy,  401 ;  variable  angles  of  cranks,  402 ;  fly-wheel  brake,  402. — 
Cochrane,  C,  Circulating  arrangement  for  boiler,  402.  —  Piatt,  J., 
Temperature  of  boiler  water,  403. — Terry,  S.  H.,  Friction  in  stuffing-box 
of  dynamometer  brake,  404 ;  economy  of  boiler,  404. — Lawrence,  H., 
Circulating  pipe  and  brake  blocks,  404. — Ewing,  J.  A.,  Complication  of 
engine,  405 ;  turbine  and  rope  brakes,  405  ;  rapidity  of  engine  tests,  406 ; 
autographic  recorder,  407. — Joy,  D.,  Badial  valve-gear,  407. — Beynolds,  E., 
Coal  consumption  in  marine  practice,  409 ;  unequal  action  of  cylinders, 
409  ;  unequal  wear  of  cranks,  410. — Lupton,  A.,  Circulating  arrangement 
for  boiler,  410. —  Goodman,  J.,  Experimental  engines,  411 ;  loss  of  feed 
water,  411  ;  setting  of  valves,  411 ;  testing  machine,  412. — Cawley,  G., 
Alternative  centres  for  testing  machine,  413. — Boswell,  S.,  Sensitiveness 
of  testing  machine,  413.— McCulloch,  J.  M.,  Boiler  circulator,  413. — 
Hele-Shaw,  H.  S.,  Other  engines  in  laboratory,  414 ;  fly-wheel,  415  ; 
dynamometer  brake,  415;  boiler  circulator,  416;  speed  of  testing 
machine,  416. — Tomlinson,  J.,  Engineering  laboratories,  417. 


Faikholme,  Capt.  C,  Memoir,  473. 

Finlayson,  F.,  elected  Member,  480. 

Firth,  G.  H.,  elected  Member,  196. 

Flannery,  J.  F.,  Kemarks  on  proposed  addition  to  By-laws,  32,  44. 

Forced  Draught,  203, 307.    See  Marine-Engine  Trials,  and  Marine  Engineering. 

Forge,  449,  453. 

Foster,  C.  Le  Neve,  Kemarks  on  Bock  Drills,  162. 

Foster,  G.,  elected  Associate,  197. 

Fothergill,  J.  R.,  Bemarks  on  Marine-Engine  Trials,  224,  238,  272. 

Foundry,  Phoenix,  Liverpool,  446. 

Fox,  W.,  Memoir,  191. 
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noa  Em  kbdu  n  i  .  -  Hot  the  Research  Comuril  n; 

rimeuta  on  the  Friction  of  ;i  1'  .  111. — Description  of 

apparatus,  111. — Lubrication,  112. — Results  riments,113. — I'encral 

.tic  lubrication  of  pivot  bearing;  single  diametrical 

groi  uting  oil  to  bearing;  low  coefficient  of  friction,  116. 

— Wicksteed,   J.    II.,    Lubrication   of  hydraulic    run.    117; 

sing  seizing,  11  -;  sdvaul  Lving  discs,  118. — 

Wilson,  J.  V.,  Effect  of  temperature  upon  coefficient  of  friction,   120; 

of  oil,  120. — Kennedy,  A.  B.  w  .  Great  r  <•  ■■<  fficienl  of  friction 

dower  speeds,  121  ;  cause  of  difference!  in  ooefficiei  ks,  L22;  ; 

-  carry  only  ^niall  load,  122;  in*  rtion  of  I  L2S  ]  oentre 

Die   in   footstep    bearing,    L22  far   lubrication,    1 J i . — 

inheyder,  \\\,  Footstep  bearing  rimilar  to  cross-head  ilide-blook,  121 ; 
mode   of   lubrication,    125;    insertion   of  loose  discs,    IS  Detent   of 

friction,  12o. — Davey,  11..  I  I  by  latb  s,  126.—  S 

J.  L.,  Lubrication  without  oil  groovi  a,  126  ;  tring,  127. 

— Lockhart,  W.  >.,  Flat  surface  i«»r  piroi  bearing,   127;  hemisphi 
pivot  upon   flat   bearing  surface,  127;  lubrication  without  oil  gp 
12-.—  Cawley,  <;.,  Limit  of  Belf-lubricating  action,    128.— Walker,  I;., 
r        .   Lubrication   under  heavy  pressun   ,  128;  d   of  lathe 

129;  conical  footstep  for  pivot  bearing,  180;  bearings  fior  blowing 
0, — Dolby,  K.  EL,  Wear  of  rubbing  Burfaoei  in  pivd  .  LSI; 

uti-lriction  curve,  181. — Towi  r,  r>..  !-•  skage  of  oil  pari  hydraulic 
ram,  181  |  p  bearing  with  Loose  di.-<-~,  132;  at  of  friction 

.   .   _     -mall  load  carried  by  collar  bearing,  L88; 
be  centres,   I  I  temperature  on  Lubrication,  L88; 

wear  and  pressure  on  bearings,  L31;  oil  groove  essential  for  lui >ri- 
LSI ;  duration  of  exp  riments,  lol  ;  hemispherical  footstep  a 
L35  :  l  ion  of  pi  i  wi  tx  of  rubbing 

L35. — Cooh]       .  «   .    i  of  eoni  I         .   B . 

Elimination  of  friction  of  teed,  J   Ei.,  Revolution 

ini  or  of  eonical  oentre  point,  19       I         .  i*>.  Friction  of  ram  greater 
than  of  hai  .  87.— Wic  L,  J    1 1  .    Lotion  "t"  multiple 

disc.-,   187. —  <  'awl-  y.   ( .  .    l  Power,    B., 

Only  one  ]  .  J  .  I     ■ 

tie  to  lubric         .1  -  Don-lubrk 

L88;  limit  of  1  Lvot,  I 

1  lo. 

..  .1    D  . 
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Garrard,  C.  E.,  elected  Member,  300. 

Gas  Furnaces,  Paper  on  some  different  kinds  of  Gas  Furnaces,  by  B.  Dawson, 
47. — Development  and  applications  of  gas  producers  and  reversing 
regenerative  gas  furnaces,  47. — Continuous  regenerative  furnaces  without 
reversing,  48.— Waste  of  heat  by  use  of  cold  air,  48.— Insufficient 
temperature  in  chimney,  and  consequent  failures,  49. — Gas  furnaces  with 
reversing  regeneration,  50  ;  for  high  temperatures,  51 ;  Batho  basic-steel 
furnace,  51;  Siemens  gas  furnace  with  regenerators  above  ground,  52; 
Casson  open-hearth  steel-melting  furnace,  52. — Gas  furnaces  with 
continuous  regeneration  for  annealing,  53. — Non-regenerative  gas  furnaces 
for  low  temperatures,  53. — Blow-pipe  furnaces  with  forced  blast,  54. — 
Successful  applications,  and  failures,  55. — Gas  furnaces  for  crucible  steel, 
56.  —  Eeversing  valves,  57.  —  Ke-heating  furnaces  for  ingots,  58. — 
Producer  combined  with  furnace,  58 ;  Siemens,  Gorman,  and  Eadcliffe 
furnaces,  59  ;  Boetius  and  Eegnault  glass  furnaces,  60. — Gas  furnaces  for 
glass  melting,  tube  welding,  steel  and  brass  melting,  60-62. — Water-gas 
furnaces,  62. — Ponsard  revolving  steel  furnace,  63. — Pottery  and  brick 
kilns,  63. — Gas  retorts,  64. — Gas  furnaces  compared  with  coal-fired 
furnaces,  64. — Gas  furnaces  used  in  chemical  industries,  65. 

Discussion. — Aspinall,  J.  A.  F.,  Gas  furnaces  at  Horwich  works,  66 ; 
brass  melting,  67 ;  firing  of  Lancashire  boilers  by  gas,  67 ;  revolving 
Bamsbottom  valve,  67 ;  flow  of  gas  through  long  distances,  68. — Dobson, 
B.  A.,  Boilers  fired  by  gas,  68. — Head,  John,  Eegenerative  Siemens 
furnaces,  68 ;  number  of  regenerators,  69 ;  temperature  in  chimney,  69 ; 
forced-blast  furnaces,  70 ;  position  of  regenerators,  70  ;  description  of  new 
Siemens  furnace,  71. — Casson,  E.  S.,  Overhead  regenerators  for  open- 
hearth  steel-melting  furnace,  72. — Head,  John,  Steel  from  pig-iron  only, 
or  from  pig-iron  mixed  with  scrap,  73. — Casson,  E.  S.,  Proportions 
of  pig-iron  and  scrap,  74. — Slater,  A.,  Siemens  regenerative  gas- 
furnace  for  heating  iron,  74. — Oakman,  E.  N.,  Water-gas  furnaces,  75 ; 
mixing  of  water-gas  and  producer-gas,  76 ;  open-hearth  steel-melting 
furnaces,  77. — Eeed,  A.  H.,  Cornell  water-gas  furnace,  77.— Gray,  J.  M., 
Suitable  for  badly  constructed  furnace,  78. — Bruce,  E.,  Heating  of  air  for 
boiler  furnaces,  79. — Marten,  E.  B.,  Difficulties  of  firing  boilers  with  gas, 
79. — Colyer,  F.,  Gas  firing  for  brewers'  coppers,  80. — Kennedy,  A.  B.  W., 
Furnaces  fired  with  hot  gas,  81 ;  difference  between  metallurgical 
operations  and  boiler  firing,  81. — Marten,  E.  B.,  Gaseous  fuel  for  distant 
boiler  firing,  82. — Halpin,  D.,  Duty  of  fuel  in  boiler  furnaces,  83. — 
Snelus,  G.  J.,  Gas-furnace  valves,  hydraulic  slide-valve,  butterfly  valve, 
double-beat  valve,  83 ;  Lash  furnace,  84. — Head,  John,  Slide  valve  and 
boll  valve,  85. — Dawson,  B.,  Distance  no  obstacle  to  flow  of  gas,  85;  gas 
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firing  for  boflei  -.  B5;  failures  of  gU  fur:.        .  -7  ;  chiinn  ,  87  j 

leakag        I       sliffe  furnace,  88;  sooting  op  of  i 
gas   furnaces,  89;   pyi  len  bj  gam,  89;  wall 

tube   boilers,  00;  ojlindzical  i  -.  '.'I  ;   brewers'  ooppi 

91  ;     hydraulic   sli<  1  farnaces  with  horizontal    ri 

S;  reversing  regenerators  for  firing  boilers,  :»l'. — Tomlinson,  J.,  Value 
of  information  in  paper,  03. 

(.ii  i. a  :  p,  T.  EL,  •  .  197. 

Goodman.  .1..  EtemarXB on  Experimental  Marino  I.  .  in. 

GtnAnr  Warbuoobd     M  .  Paper  on  the  Warehouse  and  Maohineryfbr 

the  Storage  and  Transit  of  Grain  at  th  A  indra  Dock,  Liverpool,  bj 
W.  Bha'pl  872  0  eta  in  designing  granary,  372. — Arrangement  of 
building,  an  1  storage  of  grain  in  silos  or  bins,  V>~-. —  111-  \ .  t  m  at  dock 
side  and  in  granary, 373. — Carrying  bands, 874. — Sack-weighing  machine, 
:;7.">. — Delivery  of  grain  from  granary  to  ships,  875. — .Motive  pow< 
— Elevators,  bands,  and  hydraulic  machinery,  876. — Silos,  mixing  of 
grain,  ..77. 

ion. — Weetmaoott,  P.  <■.  1'-.  EH  rin  ,378      l 

pariaon between  1  and  circular  .-il  b,378.     W  .  J    II., 

-   mixer,  379.—  Ln   .   B.    I  .'■     .try  at  Limerick,  ."'7'.':  square 
bin.-,  and  rs  instead  of  band.-,  880.— Piatt,  J..  Lining  of 

— Ellin  ■     .  E    b.  \'  . :.'.  tary  at  Botherhithe,  :J80. — Garbntt, 

E    II..  Gtranari  -  in  Amelia  .  38 l  ;  coei  of  moving  grain,  betti  r  mixi 
sb  II     I.  J..  Timber  or  brickwork  for  granaries,  881. — 

D  i,  Sir  J     N  .   I  ament   ej  linden  for 

trellis,  382     w.  -:     tc    ;.  P  I ..  B .  I       I  lating 

grai  mixing  of  grain,  884. — Tom'.. 

.1 .   Vote  of  thai  .    w  .  Silos  not   U 
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Hanson,  R.,  elected  Member,  480. 

Harcourt,  O.  S.  H.,  elected  Member,  301. 

Harris,  G.,  elected  Member,  2. 

Harrison,  J.  H,  elected  Member,  2. 

Hawksley,  G.  W.,  elected  Member,  301. 

Head,  Jeremiah,  Seconded  adoption  of  annual  Report  of  Council,  23. — Remarks 
on  proposed  addition  to  By-laws,  33  : — on  Marine  Engineering,  359  : — on 
Grain  Warehousing  Machinery,  381 : — on  Boiler  Construction,  519. 

Head,  John,  Remarks  on  Gas  Furnaces,  68,  73,  85. 

Hele-Shaw,  H.  S.,  Paper  on  the  Experimental  Marine  Engine  and  the 
Alternative -Centre  Testing  Machine  in  the  "Walker  Engineering- 
Laboratories  of  University  College,  Liverpool,  386. — Remarks  on  ditto, 
398,  403,  414. 

Henderson,  T.,  elected  Member,  301. 

Hepburn,  T.,  elected  Member,  196. 

Hide,  T.  C,  Memoir,  606. 

Hiller,  E.  G.,  Remarks  on  Boiler  Construction,  535. 

Hodge,  A.,  elected  Member,  196. 

Hodges,  F.  G.,  elected  Member,  301. 

Hodgson,  W.  J.,  elected  Graduate,  197. 

Hogarth,  T.  O.,  elected  Member,  196. 

Holman,  H.  W.,  elected  Member,  301. 

Hornbroor,  R.  H,  elected  Member,  480. 

Horsfield,  R.,  elected  Member,  196. 

Horwich  Locomotive  Works,  432,  456. 

Hosgood,  W.  J.,  elected  Graduate,  2. 

How,  W.  F.,  elected  Member,  196. 

Howe,  H.  M.,  Remarks  on  Alloys  Research,  581. 

Hoy,  H.  A.,  elected  Member,  480. 

Hubback,  C.  A.,  elected  Member,  480. 

Hughes,  E.  S.  B.,  elected  Graduate,  480. 

Hughes,  R.  M.,  elected  Member,  301. 

Hydraulic  Power  Works,  Liverpool,  443. 

Institution  Dinner,  Annual,  198. — Summer,  429. 

**  Iona,"  Report  upon  Trials  of  s.s.  "  Iona,"  200.    See  Marine-Engine  Trials. 

Iron  Works,  446,  448,  449,  451,  453. 

Jackman,  J.,  elected  Associate,  301. 

Jenklnson,  W.,  Remarks  on  Boiler  Construction,  514. 

Jennings,  G.  H.,  elected  Associate,  480. 
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John- ott,  L  K..  i  tooted  Member,  301. 
Joir         .  A.,  elected  Member,  301. 

B,  C.  F.,  elected  M  180. 

.T'-i:i«an.  1".  \\\.  eleeted  Graduate,  180. 
Jobdah,  H.  < ;..  Ji  v.,  elected  Meml  i  r,  197. 
Jot,  D.,  Remarks  on  proposed  addition  to  By-laws,  37: — on  Rock  Drills,  184: — 

tE  .     rimenta]  Marine  Engine,  \<h. 
Judd,  J.  II.,  elected  Member,  2. 

Knar,  A.,  i  !•  •••    1  Member  of  Council,  24. 

K i  n  \.  B.  W..  re-el        I  Vice-Pi  Qtfl   furnaces, 

81  : — on  Frirti..n  Experiments,  121. — Research  Committee  on  Marine- 
Engine  Tri  .1-.  Eepori  apon  Triali  of  the  s.s.  **  Iona,"  200. — ft  murks  on 
ditto,  828,  282,  287:— on  Boiler  Construction,  503 :— on  Alloyi  l;  »  weh, 
002. 

Kii:k,  a.  ("'..  Remarks  on  Boiler*  541. 

KmsH :.  B.  T., elect    I  M 

Laikd.  W.,  &  in. irks  <«n  Marine  Engineering,  844. 
Lan  Vv i:\wy.  161. 

s,  Some  details  in  t!  tctiou  of  modern  Lancashire 

Boilers,  484      Sise  Boiler  4      rtrootion. 

.  II.  B  m  irks  "ii  Experimi  nta]  Marii     I  104. 

I. i.i.  B.  I'..  Bemarkson  Ghrain  Warehonsing  Machinery, 
I.  I.    \  .  l;  in    n  "ii  Marim  -En    oe Trie 

1.  ,    I »  390,  6,  1 1 

Ldtdsat,  W.  B.,  el  eted  M<  mb  r, 
I  had  B  \:.  s  v. .  128. 

I  S  Mbtdto,  297.— Beeepti  is,  300. — Votes  of 

r.  i  .  128.— P 

Lockua;  : .  w  ^..  i; em  a   -  •     r  Experiments,  127 :      i   B    k  Drills,  181. 

I  \  1 1 

Loi  1 1  .  I ' 
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I  \  .  I;       rksonExj    rimental  Marine  Engine,  n<>. 

M  I         l;   II  .  197. 

M  >.       .  ..'«..!  — on 
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Manchester  Ship  Canal,  Paper  on  the  Mechanical  Appliances  employed  in  the 
construction  of  the  Manchester  Ship  Canal,  by  E.  L.  Williams,  418. — 
Magnitude  of  work,  418. — Kailway,  418. — Kate  of  excavation,  419. — 
Preparation,  419.  —  Excavators :  Huston  and  Proctor's,  Wilson's, 
Whitakers',  419-421. — Grabs,  Priestman's  and  others,  421. — French  land 
dredger,  421. — German  land  dredger,  423. — Summary  of  results,  424. — 
Floating  dredgers,  424. — Pile-driving  engines  with  water  jet,  425. 

Discussion.  —  Williams,  E.  L.,  Further  particulars  of  mechanical 
appliances,  425 ;  number  of  workmen,  426. — Tomlinson,  J.,  Vote  of 
thanks,  426. — Works  visited,  432. — Description,  457. 

Manisty,  E.,  elected  Member,  301. 

Manson,  J.,  elected  Member,  480. 

Marine  Engine,  Experimental,  386.     See  Experimental  Marine  Engine. 

Marine  Engineering,  Paper  on  Marine  Engineering  during  the  past  decade, 
by  A.  Blechynden,  306. — Two-stage  expansion  compound  engines  in  1881 
now  succeeded  by  three-stage  expansion  engines  with  higher  steam- 
pressure,  306. — Forced  draught  with  closed  stoke-holds  or  with  closed 
ash-pits,  307 ;  sources  of  economy,  and  summary  of  advantages,  308  ; 
adoption  in  navy,  309. — Boilers,  tubulous  and  cylindrical,  310 ;  material 
and  manufacture,  311  ;  furnaces,  increase  of  strength,  thickness  of 
plates,  312 ;  size  and  weight  of  boilers,  313.  —  Engines,  triple  and 
quadruple,  and  tandem,  313  ;  number  of  cranks,  length  of  engines,  313  ; 
horizontal  engines  in  navy  replaced  by  vertical,  314  ;  engines  in  separable 
sets,  315. — Piston-valves,  with  spring  rings  or  springless  sleeves,  316; 
leakage,  316 ;  balanced  slide-valve  for  low-pressure  cylinder,  316. — Valve- 
gear,  316 ;  advantages  of  radial  gear  and  of  link-motion,  317. — Crank- 
shaft built  up,  318.  —  Centrifugal  pumps  for  circulating  water  in 
condensers,  318. — Steam-pipes,  remedies  for  want  of  elastic  strength  in 
copper,  substitution  of  steel  or  iron  pipes,  318;  absence  of  corrosion,  319. 
— Strength  of  gun-metal  at  high  temperatures,  320. — Feed  heating,  and 
resultant  economy,  320. — Auxiliary  supply  of  fresh  water,  321 ;  still  or 
evaporator,  322. — Screw  propeller,  322 ;  pitch  ratios  and  surface  ratios, 
323  ;  steel  or  bronze  blades,  324  ;  springing  of  blades  in  working,  324. — 
Twin  screws,  325 ;  diminished  weight  of  machinery,  326. — Weight  of 
machinery  relatively  to  power  and  to  cylinder  capacity,  326 ;  increase  in 
speed  of  revolution,  327.  —  Economy  of  fuel,  comparison  of  present 
performance  with  1872  and  1881,  328 ;  performance  of  machinery 
relatively  to  coal  consumption,  329. — Power  of  machinery  in  passenger 
and  war  steamers,  330. — General  conclusions  :  increase  in  pressure,  in 
economy  of  coal,  and  in  power,  331. — Tabulated  comparison  of  three-stage 
expansion  engines,  332-336  ;  working  of  marine  engines,  337 ;  performance 
relatively  to  coal  consumption,  338. 
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m. — BCarshall,  P.  C,  Progress  since  1881,  339  :  :      m  1  draught, 
339;  improvi  nient  in  boilers,  340 ;  thickness  of  | 

too  large,  312;  YalYe-gear,  342;  ooppei  steam-pipes,  342;  power 
relatively  to  coal  consumption,  343;  screw  propellers,  343. — Laird,  'W.. 
Forced  draught  with  oloi  -hold,  344;  arrangement  of  oylii 

locomotive  boilers,  345. — White,  W.  II.  Early  experiments  with  foi 
draught.  346;  difficulties  due  to  boiler  design,  347 ;  application  of  assi-- 
ilraxiL'ht.   :;}>;  thinner  boiler  shell-  and   light  -   in   navy.  848; 

accidents  to  machinery,  340;  range  of  power  in  cruisers,  weight  of 
machinery,  twin  sen  51;  Boor  m  ts  of  engines,  351  ; 

low  speed  by   disconnecting   cylind  _'. — 

lolds,  E.,  Cast-iron  steam-pi]     .  —Cochrane,  P.,  Weldkss  steel 

tol  iporators,  354;  twin  354. — Gray,  J.  M.  Be  n  my 

of  (oreed  draught,  355;  calorific  value  of  ooal,  35 
surface,  35«i ;  lightness  of  engines  and  boilers,  357;  corrugated  Sues  for 
furnaces,  357;   thickness  of  fnrnaee-p]  3;   disconnection  of  1 

pressure  cylinder,  358;  crossing  of  rods  in  link-motion,  359;  wrought- 
iron  for  steam  pipes,  359.-    II    id,  J  .  Inferior  coal  available  with  fa 
draught,  860.  —  Smith,   W.    l.    Early  use  of   forced  dm  >.— 

Wicksteed,  J.   H.  strength  of   furnace  plat  .   M  . 

Bo  nomy  of  forced  draught,  361  ;  rate  of  trai  .•  through 

boiler  pis  of  hi  at  tr.  i  n,  363.     I ' 

J.  X.,  Practical  advantages  of  forced  draught,  863. — B  .a. 

oomy  in  ooal  consumption  with  forced  draught, :;»'. i ;  j  -lidr- 

vah  t-pipe  in  looomol  5;  tabular  statement  of  weight 

in  relation  to  hou  ighl  in  navy  doable  of  that  in 

mercantile  marine,  367. — Tomlinson,  J.,  Remarks  on  m 

EL,  (  -    working  of   foro  d  drai  Killer, 

r   l. .  i  periments  on  efficiency  oi 

— Blechynden,  A.,  Closed  stoke-1 
tube,  371. 
Mai.  sm-Ei  Oommil         a  Marine-Ei    ine  Trials,  Bepori 

apoi  L  B.  W.  B  I 

D  -  rij»ti..n   i  r   and    trial,  200.— 1  .   201.      I  202. — 

I        .1   draught,  203.  —  W<     hts,   and   dura!  t. — Coal 

measurement  and  an  204  5. — Furnace  gaa  l 

,210.— Additional  water-nx.L.u  n: 
210.— P  in    cylind*  rn,   and 

indicated    b  211.  —  Speed,    212.  —  Pressures,  213.      I 

eftVi  I 

a,  214      Bfc  am  m<  from  indicator  di 

8   D 
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Subsequent  trial  by  chief  engineer,  215-217. — Speed  of  vessel,  217. — Staff 
of  observers,  219. — Comparative  results  of  the  two  trials,  220-222. 

Discussion.  —  Kennedy,  A.  B.  W.,  Measurement  of  priming,  223 ; 
indicator  diagrams  from  receivers,  223 ;  subsequent  trial,  224. — Fothergill, 
J.  K.,  Deflector  plate  in  furnace,  224;  quality  of  coal,  224;  large  supply 
of  air,  225 ;  tabulated  particulars  of  four  voyages,  and  consumption  of 
coal,  226-227 ;  temperature  of  feed-water,  228.— Mudd,  T.,  Satisfactory 
results  of  trial,  229 ;  coal  and  water  consumption,  and  forced  draught, 
229 ;  arrangement  of  cylinders  and  steam-jacket,  230 ;  temperatures  of 
feed-water,  230 ;  supplementary  feed  supply,  231  ;  condensation  in 
cylinders,  233;  theoretical  combined  indicator  diagram,  234;  slide-valve 
and  piston  valve,  237;  piston  packing-rings,  237.—  Marshall,  F.  C,  Size 
of  boilers,  237 ;  temperature  of  funnel  gases,  238  ;  ratio  of  heating  surface 
to  grate  area,  238. — Brown,  J.  F.,  Object  of  subsequent  trial,  239 ;  coal 
consumption,  240;  feed-water  temperature,  and  supplementary  feed- 
water,  240  ;  temperature  of  funnel  gases  and  of  air  supply,  241 ;  position  of 
indicators,  242. — Willans,  P.  W.,  Condensation  in  cylinders,  242  ;  jacketing 
of  high-pressure  cylinder,  243. — Burstall,  H.  K.  J.,  Leakage  at  feed-pump 
glands,  243.— Mudd,  T.,  Continuance  of  leakage  during  trial,  244. — Terry, 
S.  H.,  Fan  for  forced  draught,  244  ;  corrugated  flues,  245 ;  air-pressures, 
245 ;  experiments  with  colliery  fan,  246. — Halpin,  D.,  Measurement  of  feed- 
water,  247 ;  circulating  water,  248 ;  drainage  of  steam-jacket,  248  ; 
flat  slide-valves,  249 ;  boilers  too  large,  249 ;  efficiency  of  locomotive 
boiler,  250  ;  size  of  chimney,  250 ;  forced  draught,  251 ;  transmission 
of  heat  through  metal  of  boiler,  251 ;  position  of  indicators,  252. — 
Schonheyder,  W.,  Size  of  boilers,  253 ;  glass  water-gauge,  253. — Phillips, 
J.,  Indicator  diagrams,  253  ;  size  of  engines  and  boilers,  254 ;  temperature 
of  chimney,  254  ;  relation  of  boiler  pressure  to  horse-power,  255  ;  priming, 
255;  coal  measurement,  256;  supplementary  feed,  257. — Bruce,  K., 
Quality  of  coal,  258  ;  assisted  draught,  258  ;  temperature  of  waste  gases, 
259. — Gray,  J.  M.,  Calorimetric  tests,  260;  engine  efficiency,  260;  effect 
of  partially  closing  funnel  damper,  261 ;  retardation  of  heat  by  radiators, 
261.— Mair-Kumley,  J.  G.,  Size  of  engines  and  boilers,  262 ;  comparative 
expansion  and  horse-power  in  "Iona"  and  "Meteor,"  263;  insufficient 
jacketing,  264 ;  closing  of  funnel  damper,  264 ;  size  of  indicator  pipes, 
264.  —  Constantine,  E.  G.,  Discrepancies  between  the  two  trials, 
265 ;  temperature  of  circulating  water,  heating  of  feed-water,  closing 
of  damper,  266.— Legros,  L.  A.,  Leakage  from  feed-pump  glands, 
267 ;  Thomson  calorimeter  and  mode  of  working,  267. — Wilson,  C.  J., 
Priming,  269 ;  calorimeter,  270 ;  funnel  gases,  270.— Marten,  E.  B., 
Advantage  of  working  boilers  slowly,  272.— Fothergill,  J.  R.,  Size  of 
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engines  and  boilers,  272  ;  i  I  forced   draught,   -7  :ig  of 

(lumper,  273;   temperature  of  fume!  274;   advantage  of  large 

funnel,  274;  supply  of  air  above  fire-       .   274 

duration  of  lire-bar?,  275;  combined  engine  and   (an,  -77» :  power  and 
urn  re,  276.— Mudd,  'J  .  1 1       I  of  trial,  277  uction  of 

steam-jacket,   277:  supplementary  feed,  277;  economy   in   wire-drawing 

between  boiler  and  -  278;  relation  of 

lutions,   27'J  ;  proportion  of  coal   I  id,  and  quality,  280; 

extent    of  expansion,    281  ;    deeeription    of   pistons  and    piston-rings, 

281. — Kennedy,   A.    B.   W.,   Dif  the   two   fan  Is,   282; 

supplementary  feed-water,  288 ;  feed-pump  lealo     .  288;  arrangement  of 

jacket,  284;  temperature  of  funnel  gases,  284  ;  b  don  of  1.  at,  285. 

— Tomlinson,   J.,   Votes   of    thanks,    285. — Donkin,    B.    .Tun,    Tubular 

comparison   between  "Iona"   engines  and   Suisse   mill-engine,   • 

.  T.  II.,  Constants  used  in  calculations,  286;   variations  in  boilers 

and  efficiencies,  287. — Kenned;..  A.  i;.  w  .  <    ostants  qi 
Mark-.  B.  G  B  ,  i  leeti  d  Mi  mber,  301. 
Mabshall,  F.  C,  Remarks  on  Marin  -1.     ine  Trial.-,  287,  238:— on  Marine 

Engineering,  339. 
Mabshall*  H.  D.,  Remarks  on  prop  I  Hon  to  By-laws,  84 :— on  Boiler 

1    instruction,  510. 
Makten.  17.  J;,  appointed  Member  of  Council,  196. — Bemarka       Qai  Furnaces, 

70,  B2:-      •  M  rine-Engine  Trials,  271 :— on  Boiler  Constroction,  515 : — on 

Ali  j  -  ]'<.■  search,  000. 
Mar  Mi  mber,  2. 

Maw,  W.  EL,  l  M<  ml  ■        '      •  ■•  1.  24. 

M  Cbh     .  a   I. . « l.  ci  d  Mi  ml  •  r,  801. 

MoCcLLOOB,  J.  M.,  Bemarks on  Experimental  Mar  .  118. 

MoF  B0L 

MoLbabj,  B.  a  .  nted  to  audit  Institntii  ,27. 

Mi  Mil  k:n,  a..  .  Lecti  d  A  - 
Mi.  \:  er,  801. 

391,  Annual  General,  1. — March,  109.— April,  II        -  7. — 

A  Mtunm,   1 
Mii.vn  ii.  \\    I    .  B01. 

M  im  d,  1>'J 

M .  i 

n  i.  B  ulu  at,  181,  i  W. 

•  r,  197. 

,  Air,  1  I  ':ills. 
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Middleton,  K.,  elected  Member,  197. 

Middleton,  K.  T.,  elected  Member,  480. 

Miller,  T.  L.,  Remarks  on  Marine  Engineering,  369. 

Mills,  M.  W.,  elected  Graduate,  197. 

Monie,  H.,  Jun.,  elected  Associate,  480. 

Morgan,  J.  B.,  Mayor  of  Liverpool,  elected  Associate,  2. — Welcome  to  Members 
at  Summer  Meeting,  Liverpool,  297. — Remarks  on  Votes  of  Thanks  at 
Summer  Meeting,  Liverpool,  299,  304. 

Moulding  Sand,  Paper  on  the  Mechanical  Treatment  of  Moulding  Sand,  by 
W.  Bagshaw,  94. — Nature  and  composition  of  moulding  sand,  95. — 
Mixing  by  hand  riddling  and  treading,  96. — Power  riddling,  97.— Roller 
mill,  98. — Centrifugal  mixer,  98. — Toughness  of  sand,  100. — Working 
expenses,  100. — Equivalent  hand-labour,  101. — Durability  of  centrifugal 
mixer,  101. 

Discussion. — Bagshaw,  W.,  Samples  of  moulding  sand,  102. — Piatt,  J., 
Forms  assumed  by  sand  under  microscope,  102 ;  utility  of  centrifugal 
mixer,  102. — Mair-Rumley,  J.  G.,  Sand  formerly  riddled  and  mixed  by 
hand,  102 ;  rollers  with  grooved  face  for  mixing,  103 ;  advantage  of 
phimbago,  103  ;  sand  used  for  cores  in  America,  103. — Brown,  B.,  Life  of 
sand,  103. — Wilson,  J.  W.,  Jun.,  Wear  of  beater  pins  in  centrifugal 
mixer,  104. — Cochrane,  C,  Saving  by  use  of  centrifugal  mixer,  104 ;  wear 
of  beater  pins,  105 ;  brake  desirable  for  stopping  machine,  106. — Bagshaw, 
W.,  Durability  of  beater  pins,  106;  brake  for  stopping  machine,  106;  life 
of  sand,  106 ;  economy  of  centrifugal  mixer,  107. — Tomlinson,  J.,  Principle 
of  Carr's  centrifugal  disintegrator,  107 ;  uniform  texture  of  sand,  107. 

Mudd,  T.,  Remarks  on  Marine-Engine  Trials,  228,  244,  276. 

Murdoch,  R.  M.,  elected  Member,  301. 

Naylor,  W.,  elected  Member,  480. 
Nicholson,  T.,  elected  Member,  197. 
North,  G.,  elected  Member,  301. 
Norton  Water  Tower,  464. 

Oakman,  R.  N.,  Remarks  on  Gas  Furnaces,  75. 
Officers.    See  Council. 
Oil  Mill,  Liverpool,  445. 
Osborn,  S.,  Memoir,  291. 
Overhead  Railway,  Liverpool,  428. 

Parker,  T.,  elected  Member,  480. 
Paton,  R.  J.,  elected  Member,  301. 
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Pardoh,  J.,  elected  Member,  r.»7. 

Paul,  UL,  .Jin.  elected  M  301. 

Paulsox,  S.,  elected  Member,  1'jT. 

PlBxnra,  L.,  Memoir,  192. 

Pim.i.ir-. .!.,  K.  marks  on  Marine-Engine  Trials,  258 :— on  B         I       traction, 
588. 

I'h'Knix  Pocvdbv,  Liverpool,  446. 

Pirhie,  J.  B.,  elected  Associate,  301. 

I'ivipt  FklOTIOW,  111.     See  Friction  El 

PLAHT,  G.,  elected  Associate,  2. 

1'   \  it,  J.,  Motion  for  re-appointmenl  of  Auditor,  27. — Bemarki  on  prop 

addition    to    By-laws,   31,   :;7:— mi    Monlding    Band,   102: — on    Grain 
Warehonaing  Machinery,  380: — on  Experimental  Marine  Engine,  i 

POWUB,   H.  II.  Pn  eh  Ct  d  Ml  h.Im  P,  301. 

Railway,  Overhead,  128. 

B  \nkin,  T.  T .  .1.  .-t'  l  Am         .  180. 

l;  ura  on  .  B.  •' .  Memoir,  2 

Kam.ih  i .  GL,  Bemarka  on  Boiler  Construction,  54  l 

Hi  i.i>.  A.  II..  Bemarki  on  G  -  Furnaces,  77 

Ki.i  d,  T.  A.,  elect)  d  Member,  r07. 

l;  ;i>.  II .  <  lc  <t.  d  Memh  r,  301. 

EtnoBX  o»  Council,  !  I  krancil,  Annn  d  Beport 

Ban  I  on  Friction,  Jftmrtf  Rep  ri;  Experiments  on  tb<   I  n  of 

■  Pivot    Bearing,  111:  I      tion   Experiments.     <  »n   Marine-Ei 
Trials;  Report  upon  Trials  of  the  as.  -I-na,"  201  M   i  i    Engine 
Trials.    On  Alloys,  543 :  •*  Alloys  Beeearoh. 

\i;<  H   (  'nm.mii  ill 

Bn  sou  .!:.);•  marks  on  Marim   E  Exj  tine 

i 
Bi<  i  Mills,  Livi  rpool,  I 16 

.  i .   w  .  ident,  24 — Bemarki  on  |  addition 

■  B 

.i  EL,  eli  eft  d  Mi  mbi 
Bichss,    i     II.  i  'elected   Meml    i        Council,  24  — B  on   pro] 

addition  to  Bj  daw  -.  1 1 
Kin  i :..  \\  .  Bi  no  ri  i  i     Experimi  i  M)l 

i  ,  H.  J.,  elected  Memb 

March  Conmiitt. .  .  ."•  I 

I. 
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Roche,  F.  J.,  elected  Member,  2. 

Rochfort,  B.,  elected  Associate,  480. 

Rock  Drills,  Paper  on  recent  Trials  of  Rock  Drills,  by  E.  H.  Carbutt  and 
H.  Davey,  141. — Trials  of  rock  drills  at  Exhibition  of  Mining  and 
Metallurgy  at  Crystal  Palace  in  1890,  141. — Three  classes  of  percussive 
drills  exhibited,  141 ;  valve  worked  by  air,  or  by  tappet ;  valveless  drills, 
141.— McCulloch's  "Rio  Tinto"  drill,  142.— Stephens'  "Climax"  drill, 
144.— Bickle  drill,  144.— Ingersoll-Mayne  drill,  145.— Daw  drill,  147  — 
Coles  drill,  147.— Hathorn's  "Eclipse"  drill,  149.— Ingersoll  hand- 
power  drill,  150. — Bromfield-Ingersoll  hand-power  drill,  151. — Trials, 
151;  hole  bored  by  hand,  151 ;  pressure  of  air  supplied  to  drills,  151. — 
Air  meter,  152. — General  observations  on  drilling,  153 ;  on  results  of 
trials,  154. — Tabulated  details  of  results,  156-159. — Rules  for  competition, 
159. 

Discussion. — Carbutt,  E.  H.,  Importance  of  trials  in  this  country,  161 ; 
hand-power  drills  slower  than  hand  drilling,  162. — Foster,  C.  Le  Neve, 
Previous  trials  of  rock  drills  in  Cornwall,  162 ;  circumstances  of  present 
trials,  163. — Collins,  J.  H.,  Importance  of  underground  trials,  164 ;  effect 
of  weight  of  drills,  164. — Addy,  G.,  Shape  of  cutting  edge  of  drill,  165. — 
Coles,  H.  J.,  Valves,  worked  by  air  or  by  tappet,  166 ;  best  feeding  done 
by  hand,  167 ;  cutting  edge  of  drill,  169 ;  steel  for  drills,  169 ;  size  of 
hole  bored,  169. — Schonheyder,  W.,  Automatic  feed,  169 ;  fixing  of  chisel 
in  piston-rod,  170 ;  measurement  of  air  consumption,  170. — Carbutt,  E.  H., 
Air  meter,  171. — Bright,  P.,  "Water  meter  used  for  air  measurement,  172. — 
Collins,  A.  L.,  Rock  drilling  in  Norway,  173 ;  time  occupied,  173 ; 
comparison  between  hand  and  machine  boring,  174 ;  Norwegian  single- 
handed  hand-boring,  175 ;  rotation  of  borer,  175 ;  tabulated  summary  of 
results,  176 ;  explosives  used,  177.  —  Bolton,  R.,  Eclipse  drill,  177 ; 
rotation  of  borer,  177 ;  valve  and  valve-box,  178 ;  hardness  of  drill,  179  ; 
pressure  of  air,  179 ;  circumstances  affecting  trials,  180 ;  hand-power 
machines,  181. — Lockhart,  W.  S.,  Single-handed  hand-drilling  in  Upper 
Burmah,  181. — Wilson,  T.,  Working  of  valves,  182;  springs  for  tappet 
valves,  183  ;  rust  and  grit  in  air-worked  valves,  183. — Stevens,  J.,  Hand- 
power  drill  compared  with  hand  labour,  184. — Joy,  D.,  Early  rock  drill 
worked  by  steam  power,  184. — Stephens,  R.,  Working  of  drill  with 
tappet-valve  or  air-worked  valve,  185. — Davey,  H.,  Circumstances  of  trials, 
186. — Tomlinson,  J.,  Saving  of  time  in  machine  drilling,  187. — Carbutt , 
E.  H.,  Benefits  resulting  from  trials,  187. 

Rowcliffe,  W.  C,  elected  Associate,  480. 

Rowland,  B.  R.,  elected  Member,  197. 
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Samt-v.  J.  I..  K.  marks  on  Friction  Experiments,  126. 

Sam'.  Modldoi  .  '.'i.    8&  Moulding  Band. 

Sam-.  II .  ei  oted  Member,  2. 

Savill,  A.  B ..  elected  Member,  197. 

Schu.vhi:yi>i.i:.  W ..  BemarkB  on  Friction  Experiments,   lit:— on  Rock  Drills 

169: — on  Marine-Engine  Trial-.  252 :— on  I'         Ooi  ■•ruction,  5 
Schutzi.'>  CUTJUTUOAI  Mixn  for  Moulding  Sand,  98.     As  Moulding  Sand. 
Boorr,  A   I',  i  Leofa  1  Member,  197. 
Scott,  F.  W.,  i  L  •  ■••  I  M   mber,  2. 
Scott,  II.  J.,  elected  Member,  301. 
Boorr,  i;  -i .  •  301. 

Bkddqbt,  •'..  Memoir,  476. 
Bilbt,  M  .  elected  Member,  2. 
Sbllbb,  a.  I...  elected  Member,  i  i 
Bnorr,  II.,  Memoir,  17»'>. 

BhaPTOV,    W  ..    Paper  on  the  Warehouse  and   Machinery  for  the  Storage  and 
Transit  of  Grain  at  the  Alexandra  Dock,  Liverpool,  872  — Remarks  on 
ditto,  384. 
Sua!.:  .  II  .  elect  1  Memh  r,  197. 

:  .  ,.  I     P.  B  .  M  mo  r,  2 
Sin. m   n.  .1..  eli  oted  Memb  r,  3  l 
Smr  Can  m  .  M         i  iter,  432,  157. 
Snirmii.Mv.  Wbxxs,  1 16,  1" 
B    urns,  A  .  elected  M<  mber,  2. 

l.Aii;.  Bi  I  Member,  301  ■ 

Slati.k.  a  .  Bemarki  on  Gai  Furnaoi  .-,  71 
Slai  i  : .  Memoir,  - 

..  l;    a  .  M  .  !s". 

Smith.  .1    1*.  I  I  1  ( tradu 

Smith.  .1.  B  , i  I  •  ■••  l  Member,  301. 
Smith,  W.  I'  .  K   DD  it\ d  00  Marine  Bngini 
ll,  J    I '.  (   ,  elected  Graduate,  2 
cs,  G .  J. .  I .'  G      I    •  • 

v.  -  tnlignt,  i- 

in..:        .  \  .  i. '7 

M 
B  ,  109, 

Bt.  G  i        '•'         ■  Liverp 

Sn  m  .  i    l   .  !  \  Beeearch,  ■ 

■    ••  i  "  as;  I 
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Steel,  and  Steel  Guns,  465.    See  Steel  Guns. 

Steel  Guns,  Materials  for  the  study  of  Steel  and  of  Steel  Guns,  by  D.  Chernoff ; 
translated  by  Dr.  W.  Anderson,  465. — Crystallization  of  steel,  465. — 
Experiments  with  forged  steel,  466. — Experiments  with  steel  guns, 
467-469. — Heating  furnace  and  oil  tank  for  steel  forgings,  470. — 
Necessity  for  forging  steel  castings,  471. 

Stephens,  R.,  Remarks  on  Rock  Drills,  185. 

Stevens,  J.,  elected  Member,  301. — Remarks  on  Rock  Drills,  184. 

Stokage  and  Transit  of  Grain,  372.    See  Grain  Warehousing  Machinery. 

Stkingek,  W.,  elected  Member,  480. 

Steomeyer,  C.  E.,  Remarks  on  Alloys  Research,  588. 
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